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FOREWORD 


In 1968, Tocklal arranged for a special visit of Mr. P.A. Browne (U.K.), 
who studied the magnitude and nature of waterlogging in various tea growing 
regions and submitted a comprehensive report. Thereafter, In 1971, Mr. W.J. 
Grice, the then Chief Advisory Officer, Tocklal, prepared a Memorandum 
(No. 28) on catchment planning. These efforts proved to be very successful 
In bringing awareness among Tea Planters regarding the Importance of drai- 
nage and possible ways to tackle it. 

I Various research experiments conducted by Tocklal Scientists since 
1977, have added enormous information as regard to identification of drainage 
)roblems. Types of field investigations needed for drainage of flat lands, 
ands with rolling topography and steep hill slopes of Darjeeling under Tea 
plantation, have been identified. The criteria for planning, selection and 
design of drainage system for different agro-climatic regions of N.E. India, 
the design and installation of underground pipe drainage system for unstable 
soils and pump outlets for areas having restricted outlet is being developed. 

it is estimated that about 1,00,000 hectares of land under tea will have 
to be provided with Improved drainage system during the period 1985-90. It 
s expected to produce 25 million kg of additional crop valued at about 625 
nilllon rupees. The estimated cost involved would be only about Rs. 200 
nllllori. The cost-benefit ratio of drainage improvements, therefore, comes 
:o about 1:3, making it very attractive, commercially. This also clearly justi- 
fies the attention that this major area (Drainage) deserves to be paid in tea 
gardens. 

The issue of 'Drainage for Tea' has been framed in a way that it ade- 
quately covers all the necessary aspects of waterlogging and its management 
under different soil, climatic, topographic and hydrological conditions pre- 
vailing in tea producing regions of N.E. India. 


NOVEMBER 24, 1987 


Dr. R. Singh 
DIRECTOR 



cot^muBirroRS 


Bhupal Singh 

Head, Department of Soil & Water 
Management 

D.N. Salkia 

Assistant Agronomist 

Department of Agronomy 

B.C. Phukan 

Advisory Officer 

Department of Advisory 

L. Manivel 

Plant Physioiogist 

Department of Botany 

H. Goswami 

Assistant Advisory Officer 

R.C. Awasthl 

Department of Advisory 

Agricultural Economist 

Department of Statistics and Agricul- 
tural Economics. 



CONTENTS 


1 DIAGNOSIS AND INVESTIGATION OF DRAINAGE 
PROBLEMS 

-Bhupal Singh 

2 SOIL PROPERTIES AFFECTING DESIGN OF DRAINAGE 
SYSTEM 

-D.N. Saikla & Bhupal Singh 

3 TECHNIQUES OF TOPOGRAPHIC SURVEY 

-B.C. Phukan 

4 BEHAVIOUR AND GROWTH OF TEA PLANT IN RELA- 
TION TO SOIL MOISTURE 

-L. Manlvel 

5 DRAINAGE OF FLAT LANDS UNDER TEA PLANTA- 
TION 

-Bhupal Singh 

6 DRAINAGE OF STEEP LANDS - DARJEELING HILL 
SLOPES UNDER TEA 

-Bhupal Singh 

7 USE OF SOME COMMON DEVICES IN DRAINAGE 
PROJECTS 

-H. Goswaml 

8 DESIGN OF PUMP-OUTLET FOR LOW LANDS HAVING 
RESTRICTED DRAINAGE OUTLETS 

-Bhupal Singh 

9 DESIGN AND INSTALLATION OF UNDERGROUND 
PIPE DRAINAGE SYSTEM 

-Bhupal Singh 

10 ECONOMICS OF DRAINAGE IMPROVEMENTS IN DIF- 
FERENT REGIONS 

-R.C Awasthi & ®»>upal Singh 


Page 

1 

17 

27 

66 

78 

96 

107 

117 

135 

14ft 


(V) 





DIAGNOSIS AND INVESTIGATION OF 
DRAINAGE PROBLEMS 


Bhupal Singh 
Dept, of Soil & Water Management 

Tocklai 


drainage 

Hbfinition 

Drainage is defined as the removal of excess water from the crop root 
Mne, Field capacity of a given soil is the level at which the plants can 
\iithdraw water from the soil unrestrictedly to produce optimum crop. So the 

i ll water in excess to field capacity can be considered as excess water. The 
lount of excess water present in the root zone is a direct measurement 
the degree of waterlogging at that time but it is difficult to monitor in 
e real field situation. 

There are several other ways to know whether a particular land needs 
diainage or not. They can be grouped as surface and sub-surface indications. 

M DIAGNOSIS OF DRAINAGE PROBLEMS 

li Surface indications of poor drainage 

^ 121 Poor growth and flush 

Satisfactory growth cannot take place until a minimum soil temperature 

! s been reached. Much heat is lost in evaporating the excess moisture and 
a poorly drained soil will be slower to warm up than a well drained soil, 
icrobiological activity and root growth are greatly affected by the soil 
mperature. Microbiological activity is greatly restricted below a tempera- 
re of 10°C. Above 10®C the activity increased with a corresponding 
:rease in the availability of nitrogen, phosphorus and sulfur, brought about 
the decomposition of fresh organic matter which results in considerable 
crease in yield. 

2 Patchy crop 

Uneven crop growth and vacancy can often be the result of varying 
damage conditions e.g. high ground water table at some places. It could also 
K due to variation in the nature of the soil resulting in surface water 
Ifcumulation on the heavier soils. 

[3 Poor response to fertilisers 

The full benefit of fertilizers cannot be obtained in poorly drained 
^d. Root development and crop growth restricted by poor drainage lessens 
Up response to fertilizers. Some patches will show high acidity symptoms 
H a result of washing out of calcium. 
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Waterlogging generally leads to a deceleration in the rate of 
decomposition of organic matter, which means the organic matter accunisu 
lates after waterlogging. Because of the slowing down in the rate of deconi' 
position, nitrogen tends to remain locked-up in the organic residues. Nitrogei 
therefore, is often a limiting factor to plant growth on poorly drained soils. 

In drained soil, the mineralization of nitrogen, that is the release o[ 
nitrogen upon the decomposition of organic matter, proceeds at a stead)! 
state. In waterlogged soils, however, the rate of mineralization decrease] 
rapidly after an initial period of rapid release. 

Waterlogging has an effect on the uptake of nutrients by plants. Thli 
is shown by certain symptoms which develop under conditions of water 
Jogging. These symptoms may be yellowing, reddening, or a scorched o 
stippled appearance of the leaves. 

1.4 Drought 

Plants on poorly drained land form shallow rooting systems and conse-i 
quently in dry period they are unable to obtain sufficierit moisture to mainj 
tain full growth and they rapidly show drought symptoms. On the other hand,* 
in well drained soils, the roots are encouraged to grow deeper which results 
in stronger plants able to withstand drought better and longer. 

1.5 Crop diseases 

Crop in poorly drained land has a tendency to attract more pests and 
diseases, drainage Influences the incidence of diseases and pests through its 
influence on soil conditions and plant growth. Infestation of Violet Root Rot, 
Black Rot, Blister Blight, Red Rust and shot hole borer in tea are some 
examples under waterlogged conditions. 

1.6 Weeds 

Shallow rooting, surface creeping types of grasses, and narrow leaved 
weeds thrive well under poor drainage conditions. Soils waterlogged for long 
periods become infestod by sedges and rushes and where permanently satura- 
ted, the aquatic grasses predominate. 

2. Sul>*surface indications of poor drainage 

Surface conditions will indicate that a problem exists. Sub-soil condi- 
tions will show whether or not this is due to poor drainage and if it is, will 
point towards its nature and cause. A pit, about 1.5 metre deep, is required 
to expose a vertical face or profile of the soil. I 

2.1 Soli colour 

As a general rule, uniform brown or brownish shades throughout the 
depth of the profile suggest that there is no drainage problem. On the other 
hand dark grey, blue and blackish tones usually Indicate that the soil is 
permanently waterlogged. Rust coloured mottling and occurrence of r4d, 
yellow and other colours at any level within the soil profile refers to the 
oxidation after a period of reduction under the region of a fluctuating water 
table and suggests that the soil was waterlogged at certain times of the 
season. The grey-greenish colours occur due to the reduction of ferric iron 
to ferrous iron. 
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Root developmmt 

I In soils with good drainage and a well developed structure, the root 
kem is able to develop to Its fullest extent. On poorly structured wet 
nds they will die back. A mass of fine roots at a shallow depth will indi- 
ite a barrier such as watertable, hard pan or structureless layer below. 

3 Soil structure 

In a well drained soil, air and water are able to move freely through 
he cracks and fissures which are the features of a soil with good structure. 
Sdiere the structure is poor, a drainage problem can arise. Examine the pro- 
lie for any compacted or structureless layers. For example, a hard pan, a 
list- coloured iron pan, compaction due to continuous movement of labourers 
r machineries or a naturally structureless sub-soil. 

.4 Ground water table 

The water table is the upper surface of the saturated zone of free 
^ound water. Free ground water is defined as water neither confined by 
rtesian conditions nor subject to the forces of surface tension. At the water 
able, the water is under atmospheric pressure. Thus, the water table is the 
maglnary surface separating capillary water from the free ground water 
elow. The presence of ground water in the profile pit will indicate the 
Irainage problem. This should, however, be considered in conjunction with the 
ividence provided by the sub-soil. 

1 DRAINAGE INVESTIGATIONS 

Drainage projects require survey and investigation of site conditions and 
tudy of historical data to determine their feasibility and for design. The 
nvestigation for drainage work may be divided into three types: 

1. Reconnaissance survey 

2. Preliminary survey 

3. Design survey 

1 Reconnaissance 

It is usually an inspection of the area from easily accessible points, 
'his investigation helps in determining the drainage problem in the area and 
he principal improvements needed and to make a rough estimate of the 
ost. 

1.1 Objectives 

i) to determine type of Improvements required, flood prevention, sur- 
face drainage and sub-surface drainage, 

ii) to determine the adequacy of outlets for the needed improve- 
ments, 

iii) to develop a general plan for improvement, 

jy) to make an estimate of the cost and benefits of the proposed im- 
provements. 
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3.1.2 Procedure to follow 

i) assemble and evaluate existing data, 

ii) prepare a work map of the project area showing boundaries of tl, 
watershed, existing streams, old ditches and drains, 

ill) obtain or develop soil map and land use map of the project area, 

Iv) observe functioning of existing drains, bridges, topographic condi- 

tions and groundwater levels, 

v) determine adequacy of outlets for drainage improvements, 

Vi) estimate cost-benefit of proposed improvements. 

3.2 Preliminary survey 

This is rather a comprehensive survey. Extensive field surveys and- 
investigations are made, problems are located and remedial measures are 
planned and preliminary designs are made. 

3.2. 1 Objectives 

1) specifically locate areas in need of improvement - flood protec- 
tion, surface drainage, subsurface drainage, 

li) select design criteria. 

Hi) make preiiminary design of all the principal features of planned 
improvements, 

iv) prepare estimate of cost and material required. 

3.2.2 Procedure to follow 

i) evaluation of data collected during reconnaissance, 

ii) prepare survey outlines with respect to the specific needs of the 
area. 

3.3 Design survey 

It is required for preparation of construction plans and specifications. 
Prior to construction of any drainage project, surveys and investigations should 
be made which show existing topography, structure, soil, ground water and 
hydrologic data. 

3.3.1 Data required for design 

i) soil maps and water table records in the problem area, 

ii) piezometric contour maps to show seasonal changes, 
data on extent, frequency and seasonal flooding, 

jv) adequacy of outlet, 

v) land use pattern and proposed changes in cropping pattern 

vi) topography of the problem area. 
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vl)) select the location of all mains, laterals, interceptor drains, relief 
drains etc., 

vlij) determine need for improvement in bridges, culverts, grade 
' control structures, surface water inlets to pipe drains, sluice 
gates, pump outlet, and all other drainage structures. 

4 Miscellaneous data 

41 Data on flooding 

It is important to determine if the area is subject to flooding. The 
loods may be so frequent and damaging that without their prevention, drai- 
lage of the project area would not be feasible. Points to consider here are: 

(a) frequency of damaging floods, 

(b) depth and duration of flooding; 

(c) time of flooding, 

(d) erdsion and sedimentation caused by flood. 

f 

3.42 Data on adequacy of drainage outlet 

In determining adequacy of outlets, the following basic requirements 
should be met: 

(a) capacity of outlet according to drainage need of the area, 

(b) possibility of easy discharge of subsurface flow, 

(c) there should not be excessive scour or deposition of sediments in 
the outlet. 

3.43 Data on economics of drainage project 

In all cases, recommended improvements should provide benefits in 
excess of costs, ^onomlc analysis is needed to make the feasibility deter- 
mination. 

3.5 Investigations for surface and sub-surface drainage 

In some areas, the main problem will be surface drainage, and in other 
areas, subsurface drainage. The kind of investigations needed for surface and 
subsurface drainage are different and vary in different parts of the country. 

3.5.1 Surface drainage 

Surveys and investigations usually required for planning and design of sur- 
face drainage improvements are: 

i) topographic surveys showing all features, 
il) soil surveys, 

iii) land use, 

iv) rainfall and runoff investigations, 

v) high water level in drainage outlets, 

vi) profiles and cross-section of existing drains, 

vii) investigation on drain stability. 
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3.5.2 Sidh-<iirfaoe drainage 

In addition to the investigations carried out for surface drainage sys- 
tem, information on soil, sub-soil, groundwater and perched water table, are 
needed for planning and designing of sub-surface drainage system. 

Data on permeability, consumptive use, water table and surface topogra- 
phy are needed for drainage. Ad^tional surveys and investigations required 
are: 

i) logs of soil and subsoil, 

ii) hydraulic conductivity measurements, 

iii) position of water table in relation to ground surface, 

iv) fluctuations in water table levels. 

4 Types of (bainage problems 

Drainage problems differ widely because of the varied nature of physi- 
cal conditions. The topography, soils and source of water of any given area 
vary so greatly that it requires a complete and thorough evaluation of these 
factors. 

Successful drainage of wet area depends on a correct diagnosis of the 
problem. The typical drainage problems are: 

41 Surface-drainage problems 

Surface drainage is defined as the orderly removal of excess water 
from the surface of land by means of improved channels. 

(a) Causes of ponding 

i) Uneven land surface which restricts natural runoff, 

ii) less permeable subsoil, 

iii) undersized drains which fail to remove runoff water efficiently, 

iv) poor outlet conditions which hold the water surface above ground 
level, 

v) insufficient land slope to permit water flow on surface. 

(b) Sources of surface water 

1) Rainfall 

2) Runoff from adjoining higher lands 

3) Seepage from adjoining higher lands 

4) Overflow from steams/rivers etc. 

(c) Possible solutions 

i) improve surface drains, 

ii) land grading and smoothing, 

Iii) improved outlet, 

iv) provide levees with culverts and flap gates. 



v) install drainage pumps, if required* 

vi) divert the source of water causing surface drainage prt^ten If it 
is outside the project area. 

.2 Sub surface drainage problems 

i) Sub-soil poorly permeable; 

ii) seepage from high lands; 

iii) presence of springs or artesian at shallow depths below ground. 
Important tirpes of sub-surface drainage problems 

i.2.1 Basin type free water table (Fig. 1.1) 

in valley bottoms, the drainage problem Is caused by free groundwater. 

f ypically, the water table slopes gently down the valley. This large, very slowly 
loving body of ground water is fed by springs, surface streams, infiltration 
f rainfall water and surface runoff. The height of water table fluctuates 
with the seasonal variation of inflow of ground water. The general slope of 
the water table varies only slightly in response to the changes in Inflow. 

Possible solutions 

Relief drains may be used to lower the water table in such areas un- 
less soil permeability is too low. In sush lands, interception drains are not 
effective since the ground water slope is almost flat and the pervious sedi- 
ments are too deep. However, the interception drains may be helpful If Ins- 
talled near the base of the hill. Where economically feasible, pumped-drai- 
nage wells are used to lower the basin type water table. 



42.2 Water table over an artesian aquifer (Fig. 1.2) 

Groundwater may be confined in an aquifer so that its pressure surface 
Is higher than the adjacent water table level. Such ground water is termed 
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Artesian. Leaks or weak points in the confined layer create an upward flo^ 
with hydraulic head decreasing in the upward direction. The groundwate 
moves in response to this hydraulic gradient and comes out as seepage a 
the ground surface or it escapes laterally through other aquifers above thi 
confining layer. 

Possible solutions 

A water table supported by artesian pressure usually is more difficul 
to lower and maintain at the desired depth because it is difficult to contro 
water at the source. Such areas require: 

i) relatively deep and closely spaced relief drains along with som< 
interception drains to collect lateral flow, 

ii) relief wells, 

pumped drainage wells that tap the aquifer. 



FIG. 1.2 DRAINAGE OF WATER TABLE OVER AN ARTESIAN AQUIFER 

4.2.3 Perched water table problems (Fig. 1.3) 

Cause 

In stratified soil, a subsurface drainage problem may be caused where 
excess water in the root zone is held up by a layer of low permeability. 
This may occur when surface sources build-up a local water table over the 
slowly permeaWe layer. Lateral percolation is too slow to drain the perched 
water naturally. 

Solution 

For the control of perched water table, the relief drains prove to be 
quite effective. In addition, an interception drain may be required to cut-off 
lateral seepage into the wet area. Theoretically, perched water could be 
drained downward by drilling wells (vertical drains) through the restrictive 
layer, if economical. Perched water tables may be controlled: 

i) by reducing seepage from high lands, 
li) by providing surface drainage. 




FIG. 1.3 (A) PERCHED W.T. PROBLEM IN PERVIOUS SOIL OVERLYING 
POORLY PERMEABLE SOIL 


G.L. 



BED ROCK 






42.4 Lateral ground water flow problems (Fig. 1.4) 

' I ' The problems of subsurface drainage may also be caused by horlzonta 
movement of ground water In the crop rootzone. The flow pattern is influ- 
enced by soil stratification. 

Soil layers often have permeabilities that differ a hundred or even s 
thousand fold. The velocity of flow of water in the soil varies directly wlti 
the permeability. Due to this reason, all significant flow may be limited t( 
the more permeable layers causing subsurface drainage problem. 

SMutkm 

The drainage system which will be suitable for the removal of latera 
flow and location of drains will depend on the depth and orientation of th( 
soil strata. For example, hillside seepage may appear where groundwatei 
moves laterally over bedrock or over a layer of flne sediments to a poini 
where it emerges out at the surface. In such a situation, one or more inter 
cepting drains may be used to cutoff the flow which otherwise would read 
the rootzone. Interception drains are effective where the aquifier is dost 
enough to the surface so that it is feasible to cutoff the flow. Where inter- 
ception drains are not practical, relief wells or pumped drainage wells maj 
be used. 

43 Drainage of flat lands (Fig. 1.5) 

Souroa of excess water 

i) local rainfall, 

ii) runoff from surrounding high lands, 

iii) subsurface seepage or groundwater Inflow. 



Pumped drainage well- A well sunk into an aquifer from which water 
is pumped to lower the prevailing water table. 





iolution 

Flat areas usually require a network of deep open or pipe drains and 
system of submaln drains into which the laterals can discharge. The water 
^om submain drains must be discharged into a main drain. The main drain 
hll transport it to the outlet of the area. 

[n flood-prone areas, the submain drains can be connected to main drain 
W means of culverts with automatic gates or valves that close during 
[oods. 

Drain alignment should be such that the water is carried to the outlet 
^ the shortest possible route. 

[4 Drainage of sloping lands (Fig. 1.6) 

The area having slope more than 3% are normally considered as sloping 
iiids. In some cases, the land slope may even exceed 100%. 

Source of excess water 

i) foreign groundwater inflowing from adjacent upslope lands, 

ii) springwater. 



PIG. 1.6. DRAINAGE OP SLOPING LAUD 



Sohitioa. 

In the drainage of sloping lands, it should be remembered that the 
excess water causing drainage problem may originate ffom different sources 
outside the problem area. 

-The Inflow of foreign groundwater from upslope may be checked by 
interception drains. These drains can be dug at one or more appropriate 
locations depending on the topography and geo-hydrological conditions 
of the area. 

-If the drainage problem is caused by local water, the solution consists 
of a network of equally spaced drains of herringbone system. The late- 
rals run parallel to the contour lines of the land surface and the main 
drains down the slope. 

4.4.1 InvestlgatitHis required 

The geohydrological situation of areas where the Inflow of foreign 
groundwater occurs is often rather complicated. This demands for careful 
field investigations such as; 

1) determination of nature and direction of the groundwater flow, 

il) determination of the thickness, slope and hydraulic conductivity 
of the water-bearing strata. 

Piezometers should be installed to measure the hydraulic head. These 
readings can- be used to prepare the water table contour maps and hydraulic 
head difference maps. TTiis information will reveal the location of the 
water-bearing strata. 

Use of the geo-eiectrical methods will indicate the most suitable sites 
for the installation of interception drains. These drains should be located 
perpendicular to the direction of groundwater flow and should be deep enough 
to cut-off the lateral flow from upslope as much as possible. 

Groundwater Investigations 

PurpoM 

1) to provide Information on position and fluctuations of W.T. ait vari- 
ous points in the problem area, 

2) to identify the areas of high W.T. and areas with acute drainage 
problem, 

3) to determine the extent and severity of the drainage problem over 
the area, 

4) to identify and locate the source of excess water, 

5) to know the type of drainage system needed, 

6) to know the suitable locations for subsurface drains. 

Sidutloos 

Install observation wells and/or piezometers to obtain required informa- 
tion on W.T. and hydraulic head. Fig. 1.7. 
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(A) GROUNDWATER MOVING DOWNWARD 

(B) GROUNDWATHl MOVING UP FROM A DEEPER LAYER 

(C) HYDROSTATIC PRESSURE IN A STRATUM FORCING WATER UP & DOWN 

(D) WATER MOVING INTO A STRATUM S GOING OUT AS HORIZONTAL PLOW 


FIG. 1.7. USE OF OBSERVATION WELL & PIEZOMETERS TO STUDY 
FLOW OF GROUNDWATER (USDA, SCS, NO. 16) 
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Observation well 

The W.T. is the upper limit of the waterlogged soil. It can be deter- 
mined by digging a hole in the soii and observing the height to which the hole 
fills with water. Observation wells are used to measure the W.T. These are 
open holes which are partially filled with gravel ahd a perforated pipe is 
placed in the hole. The region around the pipe is then backfilled with gravel 
so that water can flow freely into and out of the pipe and the hole. Obser- 
vation wells will give accurate measurements of the height of W.T. provided 
there is no artesian pressure. 

Size of obaervatloo wells 

Water surface fluctuations within large diameter observation wells often 
lag considerably behind actual W.T. fluctuations in slowly permeable soils 
because of large water storage in the well. Reducing the well diameter redu- 
ces lag factor. A diameter of 20 to 25 mm proves to be quite satisfactory 
under normal conditions. 

^padiig 

There should be no set rule for spacing observation wells. One may fol- 
low the procedure of 'dig and try' as the investigation proceeds. The study 
of W.T. levels observed In the wells will show if additional wells need to be 
installed. 

Depth 

Generally, a water level below 2.5 metres is not significant in drainage 
planning. There, the wells to the depth of 2.5 to 3.0 m will be adequate 
except where artesian conditions exist. 

Well elevatkMi 

In order to correlate W.T. levels with G.L. and to prepare groundwater 
contour maps, it is necessary to determine the elevation of each observation 
well and the ground surface at that point. 

Reoordiiig data 

Periodic measurement on W.T. levels in the observation wells should be 
made. The data should be processed to show the actual elevation of water 
level and show the depth of W.T. below the ground surface. Lines of equal 
depth are joined and a map similar to a contour map is obtained. Such a 
map clearly indicates areas of high W.T. and can indicate the source of drai- 
nage water. 

Period of measuremmits 

Observation wells should be established to function for a period of at 
least one year. In high rainfall area (tropical climate), the observations shall 
be recorded daily. The most valuable measurements can be obtained if an 
automatic water stage recorder is placed on an observation well to give 
continuous record of W.T. fluctuations. The data serve a good purpose in 
designing the drainage systems. 
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Piezoinetera 

Piezometer Is a useful tool to measure the soil water pressure and to 
determine groundwater conditions where artesian pressures are suspected. 
Piezometer is a small diameter pipe driven into the subsoil so that there Is 
no leakage around the pipe and all entrance of water into the pipe is only 
through the open bottom. The piezometer indicates only hydrostatic pressure 
of groundwater at the specific point in the soil where the open end of the 
piezometer pipe is located. The water pressure is measured by the elevation 
of water in the pipe. The pressure head is the distance between the end 

of pipe and the elevation of water in the pipe. Several piezometers need 

to be placed side by side at different depths to measure the vertical gradi- 
ent of water in the soil to find out If there is any artesian pressure. Arte- 
sian pressure is Indicated if the water in the deeper piezometers rises to a 

greater elevation than the water in the Shallower piezometers* Small dia- 
meter pipes (10 to 15 mm) are used for piezometers. 

Groundwater conditions on Alluvial Fan (Fig. 1.8) 

An alluvial fan can be divided into three zones; 

Recharge zone. 

Transmission zone 

Discharge zone. 


RECHARGE ZONE 


TRANSMISSION ZONE 


D: ■aiARGE ZONE 


PIEZOMBTRIC 

LEVEL 



PIG, 1.8 GROUNDWATER CC»IDITION IN ALLUVIAL FAN 



The recharge zone comprises the pervious gravel fields at the head of 
the alluvial fan. Because of the generally coarse grained deposits, the 
groundwater in this zone Is confined. The watertable is relatively deep and 
rather flat due to the high permeability of the gravels and coarse Mnds. The 
aquifer is recharged by infiltrating rainfaii, runoff from mountain front and 
by sub-surface inflow. 

The transmission zone starts where clay layers are found ip the subsoil; 
as a consequence, the deeper pervious layers are seml-oonfined aquifers. The 
surface layers present a phreatic aquifer that is rechu'ged by flood water 
and rainfall. Under the ^fluence 'of the differences in hydraulic head be- 
tween the various pervious layers, water will flow upward and recharge the 
phreatic reservoirs. The topographic slope is generally steeper than the slope 
of the water table and of the piezometric surface. This means that in 
down-stream direction the water table is increasingly closer to the ground 
surface. The piezometric levels become higher and may even rise above 
ground surface so that deep wells may yield free flowing water. 

The discharge zone is found in the lower part of the fan where the 
topographic slope is slight and the water table shallow. Here too, the water 
In the deeper layers is under pressure and a vertical upward flow exists. 
Springs are often at the foot of the fan, yielding water. Drainage problems 
are generally limited to this part of the fan. 
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fttroductkm 

Soil-plant-water relationships relate to the properties of soil and plants 
hat affect the movement, retention and use of water. Soli provides the 
;oom for water. Due to uneven distribution of high intensity and heavy 
imount of 'rainfall during growth period of tea, it becomes essential to 
(ffectlvely and efficiently remove the water from soil surface and from 
lub-surface that is in excess to the plant requirement. Hence,, it Is important 
o know the soil physical and hydraulic properties in relation to soil water 
etention, movement and drainage. 

Soil 

The term 'SOIL' is often used loosely and conveys different things to 
different people. The soil physicist considers soil as a porous medium. The soil 
chemist sees the soil as a powder, fine or coarse grained having complicated 
chemical and physical properties. For agronomists, the soil is a medium for 
plant growth~”and he is mdre interested in top soil. The drainage specialist 
is mainly concerned with soil properties which affect the movement of water 
Into and through soils. 

Components of soil 

Soil is regarded as a porous medium i.e. a material system in which 
jolld, liquid and gaseous materials are present. In mineral soils, the mineral 
materials occupy upto 50-60% by volume and organic matter generaMjf less 
than 3%. Soils provide plants with essential plant nutrients in addition to 
water and oxygen for root respiration, in absence of which, the rate of up- 
take of nutrients is reduced. 

Soil profile 

The vertical section through the soil is called the soil profile (Fig. 2.1). 
Soil profile coincides with the rootzone of crops and is usually limited to 
ipper 1.50m. The soil profile consists of two main layers; the top soil and 
he subsoil. In drainage and irrigation, we are interested in the water intake 


rate of the top soil, water holding capacity, water transmitting properties 
soil workability, structural stability and fertility status. 
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FIG. 2.1 PROFILE OF SOIL FORMED IN PLACE 

Sdl Investigations 

A. Physicai and hydraulic properties 

Texture, structure, compactness, bulk density, particle density, moisture 
retention, moisture release, permeability, porespace, infiltration rate. 

B. Chemical properties 

pH, N, P, K, Ca, Mg, trace elements and organic matter. 

This lecture will be limited to discussion on soil physical and hydraulic 
properties only. 

1. Soil texture 

The size distribution of soil particles is referred to as 'Texture'. The 
main particle size limits are given in Table 2.1. 

Table 2.1 Particles size limits 


Soil 

Particle size, mm 

Very coarse sand 

1.00 

- 2.00 

Coarse sand 

0.50 

- 1.00 

Medium sand 

0.25 

- 0.50 

Fine sand 

0.10 

- 0.25 

Very fine sand 

0.05 

- 0.10 

Silt 

0.002 

- 0.05 

Clay 


s 0.002 



The relative proportion of sand, silt and clay in soil determines its tex- 
tural class. Normal soil textural classes are given in Table 2.2. 
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Table 2.2 Common classes of Soil Texture 


Textural term 

Textural class 

Coarse 

Sand 

Light 

Loamy fine sand, loamy sand, 
fine sandy loam, sandy loam 

Medium 

Silt loam, loam 

Heavy 

Silty clay loam, clay loam, 
sandy clay loam, silty clay, 
sandy clay, clay 

Very heavy 

Heavy clay 


Sandy loam soils are considered most favourable for growth of tea 
)lants because they hold enough water, ar^ better aerated and are easier to 
vork with. Fig. 2.2 presents the textural classification chart for 12 main 
extural classes. 



FIG. 2.2. TEXTURAL TRIANGLE TO CLASSIFY SOIL TYPE (USDA) 



2. Soil structure 

The arrangement of Individual soli particles with respect to each other 
into a pattern is called soil 'structure*. The structure is classified into: 

i) Cube-like structure 

ii) Columnar structure 
lii) Platy structure 

iv) Angular structure 

v) Granular structure. 

Soil structure has a pronounced effect on such soil properties as poro- 
sity, permeability, infiltration, water holding capacity, water transmissibility, 
soil stability and erodibility. 

A massive compact soil restricts aeration and root spread. For optimum 
crop growth, soil structure should be such that the infiltration capacity Is 
large, percolation capacity is medium, and aeration is sufficient. 

The common methods of soil structure management are proper land 
use, suitable tillage practices, optimum soil moisture, sub-soiling, addition of 
organic matter, application of optimum level of fertilizers, mulching, drainage 
and soil conservation practices. 

3. Bulk density 

is defined as the ratio o f mass of soil solid to its volume. It is also 

referred to as 'Apparent Specific Gravity'. 



Normally, the bulk density of soil particles is 1.55 grams/cc, 

4. Apparent specific gravity 

It is defined as the ratio of the weight of soil and the weight of an 
equal volume of water. It is dimensionless. The apparent specific gravity is 
influenced by structure, texture and compactness. 

5. Porosity 

Porosity can be defined as the ratio of the volume of pores to thei 
total soil volume. ' 

n = 100 (1 - -^±-) 

Rs 

Where : n = porespace, % I 

As =■ Apparent specific gravity, 

Rs « Real specific gravity (2.65 ). 

In general, coarse textured sandy soils have a smaller percentage of 
lotal pore space and fine-textured clay loams and clays have a greater per- 
centage. But the sandy soils have large air filled porosity as comoared to 
clay soils. 

Porespace has a direct bearing upon productive value of soils because 
of its influence upon water holding capacity and upon the movement of air, 
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■water and rMts through the soil. When the air filled porespace of a soil is 
reduced by 10%, the movement of air, water and roots is greatly restricted 
Und growth is v&ry Isrtously impeded. 

^ Capillary and non-csqriHvy pores 

The capillary pores contain water which remain after most of the free 
drainage in the soil is completed. Capillary porosity is the percentage of 
pore space that may be occupied by capillary water. Non-capillary pores 
do not hold water tightly by capillary. It is the percentage of pore space that 
Is filled with air after the soil has drained to the field capacity. The porosl- 
ky has considerable significance with respect to plant growth. The large 
hon-capillary porosity of sandy soils results in better drainage and aeration 
but it also results in a lower water holding capacity than clay soils, which 
have a larger proportion of small capillary pores. An Ideal soil has enough 
large pores to permit adequate drainage and aeration and enough small pores 
to give adequate water holding capacity. 

7. Soil colour 

When the colour of a soil is considered in conjunction with other obser- 
vable features - structure, texture and consistency - a great deal can be 
inferred as to the soil's physical and chemical conditions. Colour is depen- 
dent on the nature of the parent material from which the soil is formed, 
drainage and on the soil temperature. In aerated soils, the colours can be 
dark brown, almost black when humus particles predominate, or they can be 
yellow to red due to coatings of more or less hydrated iron compounds. In 
waterlogged soils grey-greenish colour occur due to the reduction of ferric 
iron to ferrous iron. The horizon may be uniform in colour or it may be 
mottled, i.e. the occurrence of patches of red, yellow and other colours due 
to oxidation after a period of reduction under temporary waterlogged condi- 
tions. In the impeded aeration conditions, the colour of channels of living 
roots is grey or green and of dead roots is rusty yellow and brown. 

8* Soil air 

Plant roots and most soil microorganisms utilize oxygen from the soil 
air and give off carbondioxide. A continuous supply of oxygen is needed for 
this process. An insufficient supply will limit plant growth. Improving the 
soil aeration is one of the main objectives of drainage. The pore space of 
a soil (40 to 50%) is occupied by water and gases. A comparison of soil air 
and atmospheric air is given in Table 2.3. 

Table 2.3 Composition of Soil Air 


Gas 

Atmospheric air 

Soil air 

N 

79% 

79% 

Oj 

20.97% 

20.5 to 20.8% 

COj 

0.03% 

0.2 to 0.5% 


Under waterlogged conditions, COa-content of soil air may increase to 
over 1% and may even become as high as 15%. There is a general Inverse 
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relation between Oz and COz contents ; when COz Increases, O2 decreases. 

The sum of soil air’s 0^ and COg is about 20.97%, There Is an Inverse rela- 
tionship between soli air and soil-water. An excessive amount of water 
Implies a shortage of soil air. As a rule of thumb, it can be said that a soil 
is well aerated if it has an aeration porosity of 10% on a volume basis. 

Due to the respiration processes of roots an d microbes, the partial pres- 
sure of O2 is reduced below that of the atmosphere, resulting in a indve- 
ment of atmospheric O2 into the soii whilst the partial pressure of the CO2 
rises above its normal atmospheric content, resulting in an outward move- 
ment of CO2. Diffusion must take piace through air-filled pores, since air 
cannot diffuse readily through a water layer. 

, The aeration requirement of tea plant and its tolerance for poor aera- 
tion conditions is not known. But it is clear that poor aeration conditions 
impede uptake of nutrients and' water and curtail its growth of roots. 

Nitrogen fixation by aerobic microbes is of great importance in soil and 
is strongly influenced by aeration. The lack of sufficient air prevents the 
oxidation of nitrogen and sulfur into forms that plants can readily utilize. 

The amounts of soluble iron and manganese are strongly influenced by 
the O2 concentration of the soil air as they are by the pH of the soil. When 
anaerobic processes are periodically replaced by aerobic reactions, iron and 
manganese may accumulate in the soil in the form of concentrates. Under 
anaerobic conditions both inorganic and organic toxic substances may deve- 
lop. In general, a high CO 2 content increases the solubility of phosphorus and 
calcium carbonate. 

9. Soil temperature 

Along with water, air and nutrients, another important growth factor 
for plants is the temperature of the soil. Microbiological activity and root 
growth are greatly affected by the soil temperature. 

Soils with well-drained subsoil warm-up more quickly and to a greater 
depth than do soils with a higher water content, hence the importance of 
good drainage. 

^ Microbiological activity gets highly restricted below a temperature of 
10 C and thus decreases the availability of nitrogen, phosphorus and sulfur. 

10. Movement of water within soils (Fig. 2.3) 

The movement of water within the soil controls not only the rate of 
infiltration but also the rate of supply of moisture to plant roots and the 
rate of underground flow to springs and streams and recharge of ground 
water. Water moves through the pore-spaces under influence of gravity. 

(a) Infiltration 


It is the rate at which water enters Into the soil, 
soil properties. 


It is influenced by 


(b) Intake 


The rate of infiltration from 
the intake rate. 


a furrow into the soil is referred to as 
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INFILTRATION 



SEEPAGE IN 


SUB SOIL 


SEEPAGE OUT 
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PERCOLATION 




FIG. 2.3. COMPONENTS OF WATER FLOW IN THE SOIL 

i(c) Percolation 

It Is the downward movement of water through saturated soil in res- 
Iponse to gravitational force. Percolation occurs when water is under pressure 
lor when tension is smaller than 1/3 atmosphere. 

(d) Interflow 

It Is the lateral seepage of water in a relatively pervious soil above 
a less pervious layer. Such water usually reappears on the surface of the soil 
at a lower elevation. 


Seepage is the vertically downward flow and lateral movement of water 
'into soil or substrata from a source of supply upslope. 

(f) P^meabllity 

It is defined as the velocity of flow caused by a unit hydraulic gradi- 
ent. In drainage the term hydraulic conductivity is more commonly used. It 
is defined as the proportionality factor *K' in Darcy's law (v®Ki). The values 
of K depend on the properties of fluid as well as those of the soil. A soil 
that has high porosity and coarse open texture has a high hydraulic conductl- 
ylty. 

Cg) Hydraulic head 

It is the elevation with respect to a standard datum at which water 
stands in a manometer connected to the desired point in soil. This will 
Include elevation head, pressure head and also the velocity head, Fig.2.4. 
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PIEZOMETER 


PIEZOMETER 



FIG. 2.4 ILLUSTRATION OF HYDRAULIC HEAD AND GRADIENT 

H = ^ + z . where 

2g 

H = hydraulic head 

v2 

— = velocity head 

2g 

p = pressure head 

Cg 

z * elevation head 

In soils, since the velocity head is negligible, 



(h) Hyifa’Milie iradlent 

It is the rate of change of plezometrlc or hydraulic head with distance. 
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(1) Darcy's law 

The theory of water movement In soils is based on Darcy's law, l.e. 
V - K 1 


Where: 


V » velocity of flow, m/day 
K » hydraulic conductivity, m/day 

1 » hydraulic gradient 


hj^ & hj ■ hydraulic heads at. points of measurement 1 and 2, m 
L * distance between the two points, m. 

(J) Equation of continuity 

The law of conservation of mass states that in a closed system the 
fluid mass can be neither created nor destroyed. The equation representing 
this law Is: 

3Vx 3Vy 3V, 

(k) Laplace's equation 


j Application of Darcy's law and the equation of continuity to three- 
jdimentional flow through soil results in Laplace's equation, l.e. 


ID Effective rainfall 


3^$ ill. .ili 

3x* 3y^ 3^^ 


= 0 


OR 




0 


Effective rainfall means useful or utillzable rainfall. Rainfall is not 
lecessarily useful or desirable at the time, rate or amount in which it is 
eceived. Some of it may be unavoidably wasted while some may even be 
lestructive. Just as the total rainfall varies, so does the amount of effective 
ainfall. Drainage engineers define effective rainfall as that portion of total 
ainfall which contributes to ground water table. Effective rainfail is infiu- 
mced by rainfall characteristics, land slope, soil properties, ground water 
|haracteristics, management practices, crop characteristics, carry over soil 
jioisture, groundwater contribution, surface and subsurface inflow and out- 
*ow, and deep percolation etc. 

a) Soil moisture retention and movement 

The moisture content of a sample of soil is usually defined as the 
■nount of water lost when dried at lOS'C. tliough Important, soil mols- 
ire Is not a clear indication of water that is available for plant atid tltat 
In excess to the plant requirement. The forces that keep soil and water 
>gether are based on the attraction between water and soil molecules 
dhesive) and among water molecules themselves (cohesive). In the wet 
inge, surface tension is the most Important force while in the dry range 
Isorption is the main factor. 
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(n) Kinds of soil water (Fig. 2.5) 

The main classes of soil water are: 

, i) Hygroscopic water : It is held by adsorption forces. 

ii) Capillary water : It is held by surface tension. 

iii) Free water : It is under the influence of gravitational force 

and drains out of soil. 

i) Hygroscopic water 

This water is not available to plants for growth, it is nonnallj 
held between tensions of 10,000 and 31 atmosphere. 

ii) Capillary water 

It is held between tensions of 31 and 1/3 atmosphere, capillary 
water is the only fluid water bearing solutes that remain in the soil 
for any length of time. It therefore, functions as the soil solution. It 
is affected by soil texture, structure and organic matter.. The finer thej 
texture, the greater is capillary capacity. Granular soil structure produ-j 
ces higher capillary capacity. Presence of organic matter also increases, 
the capillary capacity. 

In the wilting point range, when tensions are between 31 and 1| 
atmosphere, capillary movement is very sluggish. ' 

iii) Free water 

This water is held in the soil at tensions less than or equal ti 
1/3 atmosphere above the field capacity level. It moves freely in res 
ponse to gravity. It is, therefore, called free water dr gravitational 
water. This water, in general, is in excess to plant requirement an 
needs to be drained off. 



26 




TECHNIQUES OF TOPOGRAPHIC SURVEY 

B C Phukan 
Dept, of Advisory 
Tocklai 


.AND SURVEYING 

Land surveying is necessary for the following: 

1 To describe the boundary of a piece of land precisely- 

2 To determine its area 

3 To obtain data for preparing a plan. 

The following methods are used for land surveying: 



1 Triangulation 

2 Traversing 

TRIANGULATION SURVEY 


In this method of surveying, the sides of the various triangles are com- 
puted from (i) the single line measured directly called the base line, and 
(ii) the three angles of each triangle measured accurately by a theodolite. 

Chain triangulation or Chain survejing 

In this method of surveying, the sides of various triangles are measured 
directly in the field and no angular measurements are taken. In chain survey- 
ing it must be remembered that: 

(1) The triangles should be as far as possible equilateral. 

(ii) Triangles should not contain angles less than 30® or greater than 
120 ° 


Survey stations 

A survey station is an important point and is located at the beginning 
and end of a survey line. There are two kinds of stations: 

(i) Main 

(ii) Subsidiary or tie 

Main stations are located at the ends of survey lines whicn command 
the boundaries of the area, and the subsidiary or tie stations are the points 
selected on the main survey lines where it is necessary to draw auxiliary 
lines to locate the interior details such as fences, roads, bridges, hedges etc. 
The main stations are denoted with a triangle A or small circle around the 
stations and they are lettered or numbered. 


27 


The main stations are selected in such a way that they are mutually 
visible. Each main station should have permatwnt or semi-permanent refe- 
rence marks as follows: ...... 



FIG. 3.1 MARKING OF STATIONS WITH REFERENCE OBJECTS 

The following salient points should be noted while arranging the frame 
work of a survey: 

1 The surveying should be commenced from the whole to the part. 

2 All triangles should be well conditioned l.e. as far as possible 

equilateral. 

3 The main stations should be mutually visible. 

4 The survey lines should be as few as possible. 

5 A number of subsidiary survey lines called 'tie lines' should be 
drawn to locate details so that long offsets are avoided. 

6 The survey lines should be arranged In such a way that obstacles 
are avoided. 

7 As far as possible the survey lines should lie on level ground. 

8 As far as possible the sides of larger triangles should pass parallely 
close to the boundary roads, buildings etc. 

Base line 

The longest of the chain lines is generally regarded as the base line as 
it fixes up the directions of all other lines. This is an important line on 
which the frame work of survey is build up. It should be laid off on level 
ground through the centre and the length of the area. The base line should 
be correctly measuredr 

Chadt line 

'ihe check line or proof line is a line drawn from the apex of a trian- 
gle to some fixed point on the opposite side. It is used to check the accura- 
cy of the framework. 
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no line 


A tie line Is & line Joinins! some fivAH 
tt senrM ^pose, viz. it Ihecks the aceSJaev oT th? f™'" 
cata. Interior detail, which twe far away ^^“0 main chains" 



FIG. 3.2 SHOWING BASE, TIE AND CHECK LINES 
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PIG. 3. 3 TAKING OFFSET WITH TAPE 
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When an offset is to be taken to a point, say, P {Fig.3.3a), the leader 
holds the zero end of the tape at P and the follower, carrying the tape box, 
swings it along the chain in a short arc about the point P as a centre and 
finds point p of the minimum reading, which is the foot of the per^ndicular 
from P to line AB. The follower Inserts an arrow at point p so found and 
measures the distances pP. 

Fig.'j.Sb shows an oblique offset. Here the swinging tape makes an arc 
touching point c and d and the distance cd is measured. The mid point of 
measurement wili give the point p where the object is perpendicular to point 
P. At point, p, the follower inserts an arrow and the perpendicular distance 
pP is measured. 

Number of offsets 

The number of offsets to be taken depends upon the nature of the 
object. Sufficient number of offsets should be taken so that the object is 
defined clearly and accurately. Whenever the outline of the object changes 
direction, an offset must be tak^n at the points of change in direction. 

FIELD WORK 

Equipments 

i) A chain & 10 steel arrows 
•I) Cotton or metallic tape 

iii) An offset rod 

iv) An optical square or cross staff 

v) A plumb bob 

vi) A survey field book 

vii) Wooden pegs & a mallet 

viii) Good pencils & pen knife 

ix) Compass 

Procedure 

1. Reconnaisance 

The preliminary inspection of the area to be surveyed is called reco- 
nnaisance. 

Prior to commencement of surveying, it is essential that the surveyoi 
should have thorough knowledge of the ground to be surveyed and its princi- 
pal features. He should walk over the area and thoroughly examine the 
ground and make notes of the various boundaries, the positions of objects, 
and various obstacles, difficulties he is likely to encounter. He should deter- 
mine the proposed positions of the stations and check their intervisibility. He 
should also make mental notes on the proposed size of triangles and lengtii 
of survey lines. During reconnaisance, the surveyor should prepare a neat 
hand sketch called index sketch or key plan, fairly resembling the plan on 
the ground in the field survey book. 

2. Marking stations 

Having completed the reconnaisance, the survey stations are marked on| 
the ground as follows: 
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(a) By fixing vertically ranging rod or pole at each station. 

(b) By driving in firmly a wood peg at each station. 

Reference sketches 

After the stations are marked on the ground, they should be provided 
fcrith at least three permanent or seml-permanent reference points as des- 
cribed above. These reference points are located by measurements and should 
be recorded on the field survey book. 

4. Running the survey lines 

Having completed the preliminary work, chaining should commence from 
the base line and carried throughout all the lines of the framwork as conti- 
nuously as possible. While chaining is in progress, the details should be filled 
up by taking offsets as explained above. The process of chaining and taking 
offsets is repeated until the end of the line is reached. Other lines are simi- 
larly dealt with. 

Instruments for setting-out Right Angles 

1. Open cross staff 

It has four metal arms with vertical slits at right angles to each other 
for sighting through. 

To take offset at right angle to the chain line, the cross staff is held 
vertically on the chain line at a point where the offset is likely to occur, 
and turned until one pair of the opposite slits is directed to a ranging rod 
at the forward end of the chain line. Looking through the other pair of slits, 
it is seen if the point to which the offset is to be taken is bisected. If not, 
the cross staff is moved forward or backward on the chain line until the line 
of sight through the pair of slits at right angles to the chain line does bisect 
the point. 

2. Optical square 

The optical square is also used for the same purpose as cross staff. It 
is a brass wedge - shaped hollow box of 5cm in sides and 3 cm deep with 
a handle of 7.5cm long. There are two mirrors which are fixed at an angle 
of 45° to the inclined sides of the box. There are two rectangular openings 
above these mirrors for sighting. While sighting the object, the open face of 
the square should be directed towards the object to which the offset is to be 
taken. While directing the opening towards the object, the surveyor should 
look towards the ranging rod fixed at the forward station. The surveyor than 
walks forward and backward until the image of the object appears exactly 
in line with the ranging rod at the forward station. 
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FIG. 3.4 RIGHT ANGLE TRIANGLE IN THE RATIO OF 3:4:5 

This method is also called as 3:4:5 method. Here the angle 0 will be 
always 90 i.e. right angle if the sides of the triangle are in the ratio of 
3:4:5. In the field, accurate right angle triangles can be laid out by using 
tape following the above measurements maintaining the ratio. 

Surveying and booking field notes 

A survey field book of 20cm x 11cm size is used for recording the 
field measurements and sketches. In booking the field notes, we start at the 
bottom of the page and work upwards as if we are writing them on actual 
chain line. At the commencement of the chain line, the following should be 
written in the book: 

i) The name or number of the survey line. 

11) The name or number of the station. 

iii) The symbol A closing stations. 

iv) Tie stations should be Indicated by a circle round their chainage 
figures. 

As the chaining progresses, all distances along the chain line are 

entered in the central column and the offsets written opposite them on the 
right or left of the column accordingly as they are right or left of the survey 
line. The nature and form of the objects to which offsets are taken should 
be sketched with conventional signs and names written along them. At least 
1cm space should be left between two entries to avoid over crowding. At 
the end of the line, closing chainage should be enclosed in the symbol A 

and the name or number of the station and the name or number of the 
chain line should be written clearly ,(Fig.3.5). 
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The following points are useful: 

(1) Each chain line should be recorded on separate page. 

(2) Record all measurements as soon as they are taken. Notes should 
be complete, and nothing should be left to memory. 

(3) Notes, sketches and figuring should be neat, clear and legible. 

(4) Entries should be recorded in pencil. 

(5) Explanatory notes and references to other pages, where necessary 
should be given. 


LINE AB ENDS 
STATION B 



STATION A 
LINE AB STARTS 


3.5 A PAGE PROM THE FIELD SURVEY BOOK SHOWING METHOD OF BOOKINGS 
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OlMMClw in dnlnlng 

Various obstacles such as woods, hills, ponds, building etc. are conti- 
nually met with in chaining. It is however, essential that chaining should be 
continued in a straight line. The obstacles may be classified as follows: 

(1) Obstacles which can be chained across but are not visible. 

(2) Obstacles which are visible, but cannot be chained. 

(3) Obstacles which can neither be seen or chained across. 

1. >^siOD obstructed, diaining possible 

(a) Both ends are visible from intermediate points on the line,(Fig.3.6) 


This problem can be solved by the method of reciprocal ranging as 
follows: 




FIG. 3. 6 RECIPROCAL RANGING 


Let A and B are two points and in between there is a hill. Point A is 
not visible from point B, but the survey line A and B has to be measured. 
Let two chainmen with ranging rods take up positions at M, and P, such that 
both of them can see the ranging rods at A and B. The chainman at Pi 
directs the chainman at to move to M in line with A and then the 
chainman at Mj directs the chainman at P^ to Pj in line with B. By suc- 
cessively directing each other into line, their positions will be changed until 
finally they are both in the line AB exactly when they fix up their ranging 
rods. 

(b) Both ends of the survey line may not be visible from any inter- 
mediate points. 

In such a case, the method of random line should be followed (Fig. 

3.7). 
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Let A and B the line whose length is required. From A run a line AB,. 

« Convenient direction, but as nearly towards B 

? wh.r?RR ® B,. Chain the line to 

Bi where BBi is perpendicular to ABi and measure BBx. 


AB =. V(AB^) + (BBi)* 

2. Chtinlng la obstructed, but viskm U free: 

This situation may arise when a pond, plantation or tank is encountered 
while surveying. Any of the following methods can be adopted, Fig. 3.8(A). 



^Ondning aod vision both obstructed , Fig. 3.8(B). 

Select two points A and B on the chain line PR on opposite banks of 
the river. Set out a perpendicular AD and bisect it at C. At D, erect a per- 
pendicular DE and mark the point E In line with C and B. Measure DE, 
Since the triangles ABC and CED are similar, AB = DE (Fig. 3.8(B). 



Computation of area 


1. Triangle 
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2 . Square - (Slde)^ « i (Diagonal^ 



SQUARE 

PIG. 3. 10 SQUARE 


3 Rectangle = Product of two adjacent sides. 

A| 



FIG. 3.11 RECTANGLE 
4. Parallelogram = (Base x height) 



5. Rhombus 


Base X height 
product of two diagonals 


FIG. 3. 13 RHOMBUS 



6. Trapezoid > JJ sum of two parallel sides x perpendicular distance between 
them. 
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7* Area under curved boundaries 
(i) The Tnqiwzoidal rule 

In this method the area is divided into a series of trapezoides 
and the area is calculated as follows, (Fig. 3.15). 

*^0 the sum of the first and the last ordinates, add twice the 
sum of Intermediate ordinates. Multiply the total sum thus obtained 
by the common distance between the ordinates. One half of this 
product gives the required area". 



»-^Oo + 20i + 202 + + 20n.i + 0^) 

Ul) Simpson's Rule 

This can also be found out by Simpson's Rule. The Rule says 
"To the sum of the first and the last ordinates, add twice the sum 
of the remaining odd ordinates and four times the sum of all the 
even ordinates. Multiply the total sum thus obtained by one third 
of the common distance between the ordinates and the result gives 
the required area", (Fig. 3.16) 



PIG, 3.16.CALCULAT1<M OP AREA BY SIMPSON'S RULE 
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Area » 


20, + 40„ + 0„) 

n -2 n-i n 


In this method I it is essential that the area is divided into even num- 
bers i.e. the total number of ordinates must be odd. If there is odd number 
of divisions resulting in even number of ordinates, the last division must be 
calculated separately and added to the result obtained by Simpson’s Rule. 

Plotting 

Once the field work is complete, this should be plotted on drawing 
sheet for preparation of maps, plans etc. The following drawing instruments 
are required-, 

1 Drawing table 

2 Drawing board 

3 A Tee square 

4 A set of setsquares 

5 A ruler 

6 An instrument box 

7 A protractor 

8 A compass 

9 A set of scales 

Drawing materials 

The following drawing materials are needed: 

1 Drawing paper 

2 Drawing pins 

3 Weights 

4 Pencils 

5 India rubber or eraser 

6 Ink 

7 Colours 

8 Brushes 

Before the actual plotting starts, the scale ot the plant should be choo- 
ser A border line may be drawn on the paper leaving a margin of 2.5 cm 
io 3.8 cm round the sheet. Inside, the detail plan should appear. A survey 
line should always be plotted looking north and it should be on the top of 
she paper. 

To accommodate the plan in the middle of the paper, it is essential 
io draw it on a piece of tracing paper and then this should be moved on to 
me drawing paper. The tracing paper should be arranged In such a way that 
P*®” is located in the middle of the drawing paper. Having ascertained 
me best position for the plan, the position of base line and the position of 
>ne of its extremities should be pricked through. To begin with, the base line 
vhich is the longest line should be drawn first and its length scaled. The 
ntermediate stations on the base line are then marked with fine pencil by 
jccurately measuring their chainage. They are lettered or numbered and are 
mclosed in small circle. The triangles built on the base line are then drawn 
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in position by describing short arcs with the ends of the base line or inter- 
mediate stations as centres and other length of the sides as radii, using beam 
compasses, if the radii are large. Before the point of intersection is finally 
marked, the line should be checked against any error. The triangles are then 
checked by drawing tie or check lines. 

After the frame work has been plotted accurately, the offsets should 
be plotted using sets of squares or offset scale. 

Inking in 

Once the drawing of the plan is accurately done, the pencil lines should 
be carefully inked using fine nibs. 
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, Compa** 

For more accuracy both chain and compass survey can be done simulta- 
3 ousl.y. In compass survey, the direction of the survey lines are fixed by 
ngular measurements so that they can be plotted from their lengths alone. 

Compass survey is also known as traverse survey where the frame-work 
insists of a series of connected lines, the lengths and the directions of 
hlch are measured with a chain or tape and the angular instruments respec- 
vely. Here running of check lines Is not necessary. 

7 ismatic compass 

The prismatic compass consists of a circular box about 12.5 - 15 cm 
I diameter, and in the middle a magnetic needle is balanced on a hard 
jlnted steel pivot. The needle is broad, carries on aluminium ring graduated 
) degrees and half degrees. The graduations start from zero marked at the 
uth end of the needle and run clockwise so that 90® is marked in the 
3 st, 180® in the north and 270“ at the east. The figures are written 
verted. 

Diametrically opposite are sighting vane and the reflecting prism with 
sighting slit at the top, fixed to the box. 

When the needle points north, the reading under the prism should be 
:ro. But since the prism is placed exactly opposite the sight vane, the south 
d will be under the prism. Consequently, the zero graduation of the ring 
ast be placed at the south end of the needle and by this bearings are 
tained clockwise from the north. 

3thod of using prismatic compass 

mtering 

The compass should be centered over the station where bearing is to be 
ten by dropping a small stone so that it falls on the peg marking the sta- 
)n. 

veiling 

The compass should be levelled by eye judgement and thereafter by 
ling a round pencil over the surface. 

w to observe bearings 

Suppose it is required to observe the bearing of line AB. 

i) Centre the . compass over station A and level it. 

ii) Turn up the vertical prism, sighting vane and raise or lower the 
prism until the graduations of the ring are clearly visible. 

iii) Turn the compass box until the ranging rod at station B is bisected 
by the hair when looked through the silt above the prism. 

iv) When the needle comes to rest, look through the prism and note 
the reading at which the hair appears to cut the image of the gra- 
duated ring, which gives the required bearing, of the line AB. 

%■ ' 



Some oommooljr used terms 
Beariq^ of lines 

Bearing of a line Is the horizontal angle which the line wakes with 
some reference direction or meridian (true, magnetic or arbitary). 

True bearing/meridian 

The true or geographical meridian passing through a point on the 
earth’s surface is the line in which thei plane passing through the given point 
and the north and south poles, intersects the surface of earth. 

Magnetic median 

The direction indicated by a freely suspended and properly balanced 
magnetic needle, unaffected by local attraction Is called magnetic meridian 
or the magnetic north and south line. In compass traverse survey, the mag- 
netic meridian is used. 

Designation of bearings 

Whole circle system 

In this system the bearing of a line is always measured clock wise from 
the north point of the reference meridian towards the line right round the 
circle. The angle thus measured is called whole circle bearing (W.C.B.) and 
it may have any value between 0* and 360®, (Fig. 3.17). 


N 
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Jh the above of APi is Qj, that of AP 2 is and 

jo on. In this system, the bearing is completely specified ^y the angle and 
he noting of cardinal points N,E,S and W is not required. The bearings ob- 
erved with a prismatic compass are whole circle bearings. 

^drantal system 

In this system, the bearing of a line is measured clockwise or counter- 
lockwise direction with respect to north point or south point whichever Is 
aarer the line, towards east or west. Therefore, it is required to state the 
)lnt from which the angle is measured. Also, it is necessary to mention the 
rection in which the angle is measured. In order to do this, the plane around 
le station is divided into four quadrants by placing two lines at 90* to one 
iother. One of these lines is the north-south (N-S) line and the other is 
ist-west (E-W) line. The quadrants are marked as follows: 

NE = 1st Quadrant 
SE = 2nd Quadrant 
SW = 3rd Quadrant 
NW = 4th Quadrant 

It is seen, that each quadrant is divided into 0°-90“ and the quadrantal 
aring never exceeds 90°, (Fig. 3.18) 



FIG. 3.18 QUADRANTAL SYSTEM 

There are two ways by which the bearings can be expressed. In the one 
> the letters denoting the quadrants in which the line falls are put after 
numerical value of the angle. Such as the bearing of AP, is G , NE, that 
^P 2 is 02 SE and so on. 
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In the second notation, the letter denoting the quactant nearest to 
north or south is placed before the numerical value of the bear ng. Such as 
the bearing of APj is sejW, that of AP 4 is Ne^W and_so on. It should be 
remembered that the quadrantal bearings are never stated from east or west 

line. 


Reduced bearings 

When the whole circle bearing of a line exceeds 90*, it must be redu- 
ced to the corresponding angle less than 90®. This is known as reduced bea- 
ring (R.B.). The following table need be used in reducing the whole circle 

bearing to reduced bearing: 


Case 

W.C.B. between 

Rule for R.B. 

Quadrant 

I 

0® and 90* 

= W.C.B. 

NE 

II 

90® and 180® 

180“ - W.C.B. 

SE 

III 

180® and 270® 

W.C.B. - 180® 

SW 

IV 

270® and 360® 

360® - W.C.B. 

SW 


Fore and Back bearing 

Every line has two bearings. One observed at each end of the line. The 
bearing of a line in the direction of the progress of the survey is called the 
Fore Bearing (F.B.) and the bearing in the opposite direction is termed as 
Back Bearing (B.B.). It is important to note that both Fore Bearing and Back 
Bearing differ by 180®. Plus sign should be used if the Fore-Bearing is less 
than 180® and minus sign, if it exceeds 180*. 





In the above figure the bearing of A to B is the fore bearing of the 
ine AB, and that from B to A is the back bearing of the line AB or the 
jearing of the line BA. 

Calculatim of angles from bearings 


When two lines meet at a point, two angles are formed. One is the 
nterlor and the other is the exterior angle and the sum of these two angles 
s always 360®. Generally the smaller angle is called the interior angle, but 
iometimes the exterior angle could also be the smallest angle. To find out 
he included (interior) angle between two lines whose bearings are elven the 
ollowing rules should be followed: ’ 

1) When the whole circle bearings of the lines are given 

(a) When the bearings of two lines as measured from the point of 
intersection of the lines are given: 

^ule: The smaller angle should be substracted from the greater and the 

difference wll give the interior angle, if this angle is less than 
180®. If the difference exceeds 180®, it is the exterior angle. The 
interior angle can be found out by substractlng the difference from 
360®. 

N 



FIG, 3. 20 CALCULATION OF ANGLES FROM WHOLE CIRCLE BEARINGS 

In Fig. 3. 20, if the bearings of AC and AB are given, the difference bet- 
/een fteir bearings give the exterior angle BAC and the required interior 
ngle CAB - 360® - difference. 


D 


S 

PIG. 3. 21 CALCULATION OF INCLUDED ANGLES FROM WHOLE CIRCLE BEARINGS 

In Fig. 3.21, the observed whole circle bearings of AB, AC, AD and AE 
are as follows : 

AB = 41“ 

AC » 115“ 

AD « 210“ 

AE = 325“ 

By applying the rule, the included angles can be calculated as follows: 

L BAC = bearing of AC - bearing of AB 
= 115“ - 41“ 

« 74“ 

ilCAD » bearing of AD - bearing of AC 
-210“ -115“ 

-95“ 

ilDAE - bearing of AE - bearing of AD 

- 325“ - 210* 

- 115“ 
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BAE • bearing of AE - bearing of AB 
« 325“ - 41“ 

- 284* 

EAB » 360* - 284* 

■ 76* 


(b) When bearings of two lines are given. 


In this case, express both bearings as if measured from the 
the lines meet and apply the same rule. 


point where 


r bearing of lines CA and AB are given, the bearing 

of AC is the back bearing of CA and is equal to forebearlns (FBI of 
CA + 180* Therefore, the included angle CAB will be found out b? applylM 
the above rule. ^ 


(2) When the reduced bearings of lines are given 

rt *^*^7 ***“®**°"> ® Straight line is drawn through the station 0 and 
term O to N as north meridian and 0 to S as south meridian. 

*^'**®' I*"®® same meridian, the inclu 

ded angle = difference of the two bearings. 



PIG.3.22 


CALCULATION OP ANGLES FROM REDUCED BEARINGS 
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(#7 : dlffereiAse of bearing* OA and OB, <r ig. « 

(b) if the bearings are on the same side of the diffownt nicw^<iians 
the included angle AOB •180"- sum of the two bearing (Fig, 

AOB » 180* - sum of bearing of OA and Oft 

(c) If the lines are on different sides of the different meridians, 
the included angle - ISO"- difference of the two bearlngs,(Flg.3.22c). 

BOA « 180* - difference of the bearings OB and OA. 

(d) If the lines are on opposite sides of the same meridian 
the included angle » sum of the two bearings, (Fig. 3.22 d). 

BOA s sum of bearings OB and OA. 

Traveniiig with diain and compass 

The compass is set up at each of the successive stations and fore and 
back, bearings of each of the lines' are observed and entered in the field 
boold The other related works like running of survey line, chaining, taking 
offsets will go on as usual as explained under chain survey. 

Plotting a traverse survey 

(1) By parallel meridians through each station. 



FIG. 3.23 PARALLEL MERIDIANS METHOD 

Having fixed the position (Fig.3.23) of the starting station A suitably on 
paper, a line representing the magnetic meridian is drawn through it. The 
bearing of the line AB is plotted with an ordinary protractor and its length 
is marked off with the scale, thus fixing the position of station B. Through 
station B, a similar meridian is drawn, the bearing of BC is set off and its 
length measured with the scale. The process is repeated until all lines are 
drawn and the traverse is closed. 
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Pjf: 'U idijidM: 

In this ni6thod the nisridliftn is dffiwn t^hroitivh -.1 

A (Flg.3.24) and the bearing of the line AB Is nlnr^*a «*^**i**^t”® P®*ht 
scaled off with the scale th„. the 0011 ?^^ r “ 

the Included angle ABC Is calculated* from^i SarlL 
and Is plotted with a protractor and the lenirfh nf n^*i ^ 
with the scale. The operation Ur^Mated it^h 
until the traverse Is closed. "Kceedlng stations 



FIG. 3.24 INCLUDED ANGLES METHOD 


Plane table survey 

Plane tabling is a graphical method of surveying in which the field work 
and plotting are done simultaneously. The map is drawn in the field as the 
survey proceed Tpe method has the advantage that tile pTotted work ^ 

Planl TahLr^r “"'J'”'' *>'lle he Is still on the ground. 

f!i f ® '"ethod best suited for small or medium scale mapping in 
open or fairly open country. ® 

The apparatus consists of: 


A drawing board mounted on a tripod 
Alidade (sight-vane) 

U-frame with a plumb-bob 
Magnetic compass 
Measuring tape or a chain 
Drawing paper, pencil, scale and eraser. 



AdKr t at atM «rf plane tabling 

(1) It is most suitable for preparing small scale maps 

(2) It is most rapid 

(3) The field book is not necessary as plotting is done in the field 
concurrently with the field work and hence the mistakes in book- 
ing the field notes are avoided 

(4) The surveyor can compare the plotted work with the actual fea- 
tures of the area surveyed and thus can ascertain if it represents 
them properly and cannot, therefore, overlook any essential fea- 
tures 

(5) There is no possibility of omitting the necessary measurements as 
the map is plotted in the field 

(6) Errors of measurement and plotting may be readily detected by 
check lines 

(7) It is particularly advantageous in magnetic areas where compass 
survey is not reliable 

(8) It is less costly than a theodolite/dumpy level survey 

(9) No great skill is required to prepare a satisfactory map 

Disadvantages 

(a) It is not suitable for work in a wet climate 

(b) It is not intended for accurate work 

(c) If the survey Is to be replotted to a different scale or quantities 
are to be computed, it is a great inconvenience in absence of the 
field notes 

General 

The following points should be borne in mind while surveying with the 
plane table. 

1) The table remains clamped in position while the objects are sigh- 
ted. It is the alidade that is moved on the table to bisect the 
objects. 

li) While the sights are being taken, the alidade must be centered or 
pivoted on the plotted station point on the sheet l.e. the fiducial 
edge of the alidade must be set to the plotted station. 

iii) The board is turned only when the table is to be oriented. After 
the table is properly oriented, the board must be clamped in posi- 
tion. 

iv) The small letters - a,b,c, etc. - denote the points plotted on the 
paper to represent corresponding points A,B,C, etc. - on the 
ground. 
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Setting up tlM> pla» 

(1) The table should be set up at a convenient height for working, 
say, about im and approximately level. The legs of the tripod 
should be spread well apart and firmly fixed into the ground. 

(2) The table should be so placed over the station on the ground 
that the point plotted on the paper is over the station on the 
ground. This Is known as centering of the table. Centering can be 
done by using the U-Clamp. Shift the table bodily until the plumb 
bob hangs over the station on the ground. 

The table should be levelled by adjusting the legs. 

Orienting the table 

The operation of keeping the table at each of the successive stations 
parallel to the position which it occupied at the first station is known as 
orientation., It is necessary when the table has to be set up at more than 
one station. When the table is properly oriented, the lines on the paper are 
parallel to the lines on the ground which they represent. There are two 
methods of orientating the table: 

la) By the use of the magnetic needle 

To orient the table at any subsequent station, the trough compass (or 
circular box compass) is placed along the line representing the magnetic 
maridian which has been drawn on the paper at the first station, and the 
board is then turned until the ends of the needle are opposite the zeros of 
the scale. The board is then clamped in position. This method is sufficiently 
accurate provided there is no local attraction. 

ib) Orientation by back-sighting 

Suppose the table is set up over the station Q on the line PQ which 
las been drawn as Pq from station P. The alidade is placed along the line 
ip. The board is then turned until the line of sight bisects the ranging rod at 

The board is then clamped in this position. The procedure is repeated, if 
lecessary, for other stations as well. 



fig. 3'25 (A). Orlmtation by back<tightina 
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There are four methods of surveying with Plane Table. 

(1) Intersection 

(2) Radietlon 

(3) Traversing 

(4) Resection 

Plane tabUng by intenectlon 

In this method, the point Is fixed on the paper by the Intersection of 
the rays drawn from the two Instrument stations. The line joining these sta- 
tions is called the base line. The method requires only the linear measure- 
ment of this base line. This method is commonly employed for locating: 

i) the detail, 

it) the distant and inaccessible points, 

ill) the broken boundaries, 

Iv) the points, which may be used subsequently as the instrument sta- 

tions. It is suitable when it is difficult or impossible to measure 
distances between stations due to inaccessibility, (Fig. 3.25). 



FIG.3.251B) PLANE TABLING BY INTERSECTION METHOD 
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lane tabling by Interaectlon (Fig. 3.25) 

(1) Select A,B,C and D to the corner points on the boundary of tht 
area to be surveyed. 

(2) Select a base line AB so that the stations A and B commands all 
the points to be plotted. 

(3) Chain the line AB and draw the line as ab on the sheet. 

(4) Set up the plane table at station A and mark 'a* on the tsheet 

which should be exactly above A. 

(5) Keeping the alidade touching ab, adjust the board until the station 

is bisected. In this position, the table is oriented and ab is cor- 

rectly aligned with AB. 

(6) Clamp the table and mark the meridian. 

(7) With the alidade touching a, move the alidade until stations C and 
D are sighted. Draw rays ac and ad in alignment with the ground 
stations C and D. 

(8) Measure the distance and scale them on the sheet. 

(9) Shift the plane-table to station B, centre, level and orient 
it by backsighting A, keeping the alidade touching ba. 

(10) Draw rays be and bd in alignment with C and D. Measure the dis- 
tance and scale them off on the sheet. 

(11) Point of intersection of ac and be fixed the position of C and that 
of ad and bd fixed D. Similarly any number of points may be loca- 
ted on the plan. 

Plane tabling by radiation (Fig. 3.26) 

In this method, the table is fixed nearly in the centre of the area to 
be surveyed, so that an uninterrupted view is obtained of all the stations on 
the boundary. This method is generally used for: 

(1) In combination with some other method. 

M Small area, where the visibility is good. 

(3) Locating details from stations established by one of the other 
methods. 
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FIG. 3.26 PLANK TABLING BY RADIATION METHOD 


( 1 ) 

( 2 ) 

(3) 

(4) 

(5) 

( 6 ) 
(7) 


Select A, 13, C, 13 and E points on the boundary to be fixed on the 
plan. 

Set up the table at station P within that area. 

Select 'p' on the sheet exactly over the station P. 

Mark the meridian with the help of the declinator. 

Fix a pin at 'p' and with alidade draw rays towards A.B.C.D and 
E in succession. ’ ’ ’ 

JirrSf O" ““ 8™"'! ='><i scale 

them off on the sheet as pa, pb, pc etc. 

Join points a,b,c,d and e, which will give the required outline 
abcde of the survey. uumnc 
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[c. i^i *w'^®y**'* 

Level surveying Is necessary to find out the relative heights or diffe- 
rence in elevation of different points or subjects on earth's surface. In level 
surveying* the measurements are taken in a vertical plane. 

I The following terms are commonly used in ievel survey: 

Level line or idane,(Fig. 3.27) 

' The surface of water in a still lake can be considered as a level line 
jor level plane. It foHows the curvature of the earth's surface. 

Horizontal line 

i 

horizontal line runs tangential to the level line or plane at any place. 



'atum line 

This is an arbitrary assumed level line or surface from which elevation 
or vertical distances are measured. The datum line taken for India by Survey 
Df India is the mean sea surface at Karachi where its value is assumed to 
be zero. 

Reduced level {R.L.) 

Reduced level is the relative elevation or depression of a point on 
sarthPs surface with reference to the datum line. 

^h mark (BkO 

Bench mark is a field reference point of known or assumed elevation. 
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Line ooHimation, (Fig. 3 . 28 ) 

Line of colli mation or line of sight is a continuous line which intersects 
the cross hair eyesight and the object in a straight line. 



FIG. 3. 28 FIGURE SHOWING THE LINE OF COLLIMATION AND VERTICAL AXIS 

Vertical axis 

This is the centre line of the axis of rotation. 

Back sight (BS) 

Back sight is the first staff reading taken on a point of known eleva- 
tion (i.e. on a bench mark or change point) after the levelling Instrument is 
set up and levelled. 

Foresight (FS) 

Foresight is the last staff reading taken on a point whose elevation is 
to be determined, before the leveiling instrument is shifted to a new posi- 
tion. 

Intermediate sight (IS) 

Intermediate sight is any other staff reading taken on point of unknown 
elevation, between the back sight and foresight, from the same set-up of the 
levelling instrument. 

Change point (CP) 

Change points are new places where the levelling instrument is shifted 
for convenience during the course of surveying. At change points, new height 
of instrument (Hi) will have to be established, (Fig. 3.29). 
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FIG. 3. 29. FIGURE SHOWING THE BACK SIGHT, FORESIGHT 
INTERMEDIATE SIGHT AND CHANGE POINT ’ 

Hdght of instrument (HI) 


Height of Instrument is the elevation of 
the levelling instrument is correctly levelled. 

Dumpy level 


the plane of colli mation 


when 


rlKldlv‘flxert'‘?<?'!: instrument. The telescope is 

Levelling staff 

commlilfv® types of graduated staff available. The one, which we 

top length nf 1 fi " surveying is 5 m long when fully extended. The solid 
slides into th*. ™ central box 1.6 m long which in turn 

d^r This s5!ff ®'‘ 7.5 cm broad and 5.5 cm 

figures graduated into metre, tenths and two hundredths. The 

The odd tlnths of "umeral are painted in red on the left hand side, 

side. The too of 

Is exactly iS ?f I? ^ one-tenth of a metre in height and 

Indicated bv thl u u?" specifies. The two hundredths are 

Iredth of I mAi-rf ^ t?®*® spaces, each measuring two hun- 

lundredth. whu! ?k 7*’, ‘°P, ® ® ‘‘’“s indicates an Jdd of two 

that of a black space an even number of two hundredths. 
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Care of Instnimoit 

(1) Protect the instrument from impacts and vibration when being 
carried or transported. 

(2) Keep the unwanted parts e.g. iens cap, tripod cap etc. in the ins- 
trument box when the instrument is in use. 

(3) Never force the ieveiiing screws or other movable parts. 

(4) Use a survey umbrella to shade the instrument. Try to finish the 
field work during the morning hours as otherwise one gets difficui- 
ty with shimmer. 

(5) Rub lenses only with soft tissue or cloth. 

Equipment fm- levelUng 

They consist of 

i) a level 

ii) a levelling staff 

iii) a chain or tape for measuring horizontal distances and 

iv) a level field book for recording the staff reading, distances and 
other field notes. 

SETTING UP THE LEVEL 

Fixing the instrument on the tripod 

Release the clamp screw of the instrument, hoid the instrument in the 
right hand and fix it on the tripod by turning round only the lower part with 
the left hand. Screw the instrument firmly. 

Focussing the eye-piece 

Remove the lid from the object glass and hold a sheet of white paper 
in front of it. Now move the eye-piece in and out until the cross-hairs are 
distinctly seen. 

Leg adjustment 

Place the instrument in a desired position at a convenient height for 
sighting by spreading the legs well apart. Bring all the levelling screws in 
the centre of their run. Fix any two legs firmly on the ground by pressing 
them with hand and move the third leg right or left till the main bubble is 
approximately in the centre. 

Focussing the object glass 

Direct the telescope towards the staff and on looking through the 
eye-piece, bring the image of the staff between the two vertical hairs (or 
lines) of the diaphragm by lightly tapping the telescope. If a clamp and tan- 
gent screw are provided, the same should be used. Now adjust the objective 
by turning the focussing screw until the parallax is eliminated. The parallax 
is completely eliminated when there is no change in the staff reading when 
the eye is moving up and down. 
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Levelling up 

Place the telescope parallel to a pair of foot screws and bring the 
bubble to the centre of Its run turning these screws either both Inwards or 
both outwards. Turn the telescope back to its original position without rever- 
sing the eye-piece and object glass ends. Again bring the bubble to the cen- 
tre of its run and repeat these operations until the bubble remains in the 
:entre of its run in both positions. Now, if the instrument is in adjustment, 
the bubble will traverse (i.e. remain central) for all directions of the teles- 
:ope. 

Reading the staff 

Care should be taken in holding the staff truly vertical. For doing this, 
the staff man stands behind the staff, heels together with the heel of the 
staff between his toes and holds it between the palms of his h ands a t the 
height of his face. The staff should be swayed back and forth till the mini- 
[ mum reading is obtained. 

While taking reading bring the staff between the two vertical hairs, and 
always use the portion of the horizontal cross-hair between them in reading 
the staff as the horizontal cross-hair may be slightly inclined. You should 
also keep watch whether the bubble is at centre or not. if not, centre it by 
using one of the foot screws most nearly in line with the telescope and note 
the reading at which the hrizontal cross-hair appears to cut the staff. First 
note the red figure, then the black figure and finally count the spaces. 
Record th(! reading. 

I he principle, on which the process of levelling is based, is shown here. 
Ihe hatched line represents the section of a piece of ground, (Fig. 3.30). 



FIG. 3. 30 FIGURE SHOWING THE PROCEDURE FOR TAKING LEVELS 
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The level is set up in such a position that staff readings at A,Aj,A2 
and so on can be taken whose levels are to be determined, the horizontal 
distance A-A^fAj etc. being found at the same time by chain or tape on the 
ground. 

The straight line a-ai-a2 etc. is the line of collimation or line of sight 
of the instrument - which in case of a level is truly horizontal when the 
Instrument is in perfect adjustment and properly set up at the point P. The 
staff readings A, A^etc. are the vertical distances of the points whose levels 
below the plane of collimation are required or the plane described in space 
when the telescope of the level is rotated about its vertical axis. The staff 
is held at points A, Ai,A2 and so on and the readings obtained with the 
level are recorded in a level book. On reaching the point A3, the line b, b^, 
b2 etc represent the new line of collimation and the work of reading the 
staff continues from this second position of the level. This change of position 
is also made when the line of collimation is above the top or below the foot 
of the staff. 

System of booking levels 

There are two systems of booking a series of staff readings in a level 

book: 


(i) The Height of Instrument or height of collimation system; and 
(li) the Rise and Fall system. 

IM^t of instrument or heli^t of collimation ^tem 

It consists of finding the elevation of the plane of collimation (HI) for 
every set up of the instrument, and then obtaining the reduced levels of 
points with reference to the respective plane of collimation. 

This table represents a page of a level book ruled for this method of 
booking and the staff readings in the above figure have been used to fill in 
the different coluhins. The method of calculation of the reduced levels of 
the points along the section is as follows: 


Station 

Distance 
in metre 

Back 

sight 

(BS) 

Inter- Fore 
mediate sight 
OS) 

Height of 
instru- 
ment(HI) 

Reduced 

level 

Remark 




0.540 



591.610 

591.070 

ON OBM 








591.070 

A 

0 


2.140 



589.470 


At 

10 


2.440 



589.170 


Aj 

20 


0.640 



590.970 


A, 

30 

1.580 


0.630 

592.560 

590.980 

(CP)Change 








point 

B 

40 


2.020 



590.540 



50 


3.380 



589.180 


B2 

60 


3.820 



588.740 


Bj 

70 



3.930 


588.630 






4560 


591.070 

- 588.630 
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» 2.440 
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FIG. 3. 31 FIGURE SHOWING THE PARTS OF A DUMPY LEVEL 

entered as a back 

Ight (0.540 in this case) and all the subsequent readings, excepting the last, 
Z Zlt set up of the level are entered as intermediate sights (IS); 

dL thP entered as a foresight (0.630 in this case). At this 

Dint the staff holder stays still; such a point Is known as a change noint 

case) and the surveyor moves ahead with his 
second Position (Q) from where he can 

welled ‘**0 "ext series of points to be 

levelling the instrument, he reads the staff (at noint A%\ 

e "„TS “ » l^ck slktl'Se Ue 

) thp inf.. ^ T^hereafter, he proceeds to read the next sights shown 

oht column (3.930 in this case) which is to be booked in the fore- 

f thrS'in tL‘'° " Instrument is changed again iSv- 

8 staff in the same position if further area is required to be foverS 

m back^Jighf section, the 

ves the height of the llne^ ^ *fi o'^seryed bench mark, this 

91.070 + 0.540 = 591 6101 This f collimatlon above datum 

591.610). This Is (591.610) - the height of the instrument 
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and is entered in that column (HI) In the level book as shown In the teble. 
After this, each subsequent staff reading is subtracted in turn from the 
height of the instrument 591.610. Therefore, the reduced level at A Is 

591.610- 2.140 « 589.470, reduced level at A^ is 591.610-2.440 « 589.170 and 
so on. The foresight at A 3 is similarly treated and the reduced level is 

591.610- 0.630 - 590.980. 

At the change point the new height of the line of sight or line of 
collimation is to be found out (as the instrument has been re-set at a diffe- 
rent level than the previous position). This is done by adding the reduced 
level at A 3 and the back sight at the same position i.e. 590.980 1.580 = 
592.560 and entered in HI column. The succeeding readings are again subtrac- 
ted from this new height of the Instrument to give the reduced levels of the 
remaining points on which levels are taken. 

The results obtained so far should be checked by adding up the back 
sights, and then adding up the fore sights and subtracting the lesser of the 
sums from the greater. The difference thus obtained should be exactly the 
same as the difference of the first and the last reduced levels. In the exam- 
ple, the sum of the fore sights = 4.560 and sum of back sights 

a 2.120; the difference of these sums 4.560 - 2.120 = 2.440. The difference 
between first and last reduced levels = 591.070 - 588-630 = 2.440. 

Rise and fall ^tem of booking 

In this system, the ruling of the pages of level book is the same as in 
the case of the other method described earlier, except that rise and fall 
column take the place of height of instrument (HI) column. 

The entries and booking of the staff readings are exactly the same as 
for the height of collimation method, but the first reading being less than 
the second reading is substracted from it i.e. 2.140 - 0.540 = 1.600. Since 
the second reading is greater than the first one, the foot of the staff must 
be lower at point A than at OBM. Thus the figure of 1.600 is a fall and is 
entered in the Tali' column of the level book. This process is continued 
down the page, each reading is subtracted from the one next below and if 
this reading is bigger than the previous one, the difference will come in the 
'Fall' column and if smaller than it, in the 'rise' column. Now the reading 
at point A 2 (IS) is more than at point A 3 (FS) and the difference 0.640 - 0.630 
» 0.010 will be rise. Therefore, the back sight (BS) reading at A 3 should be 
deducted from reading at Bi(IS), the reading at Bi(IS)be subtracted from re 
ading at 62 ( 1 $) and so on down the page. 



Table 3.2 The rise and fall method of booking 


(Using the staff reading given under collimation method) 


= Distance 

Back- 

Inter- 

Fore- 

Rise 

Full 

Reduced 

RemarK 

1 in metre 

sight 

mediate 

sight 

(♦) 

(-) 

level 


(BS) 

sight 

(FS) 





n 


(IS) 






\ 0 

0.540 

2.140 




591.070 

OBM « 




1.600 

589.470 

591.070 

S io 
\ 20 


2.440 



0.300 

589.170 



0.640 


1.800 


590.970 


^ 30 

1 40 

1.580 

2.020 

0.630 

0.010 


590.980 

(CP)Change 

point 




0.440 

590.540 

j 50 


3.380 



1.360 

589.180 


2 60 


3.820 



0.440 

588.740 


3 70 



3.930 


0.110 

588.630 



2.120 


4.560 

1.810 

4.250 




4.560 - 

2.120 = 

2.440 





Checks: 

4.250 - 

1.810 = 

2.440 






591.070 - 

588.630 = 

2.440 






The reduced levels are found by adding successively all rises and sub- 
racting successively all falls from the previous RL. Thus reduced level at 
OBM 591,070 - fall from OBM to point A 2 is reached, the 

iQnQ 7 n"*u- L added with the previous RL i.e. 589.170 + 1.800 = 

*90.970 which is RL of point A 2 . 

^mparison of the two system 

alciiiln!. method is less tedious, more rapid and involves less 

nediatf n.®; "^^de in reduction of levels of the Inter- 

s a comSiifi^ " “"‘le^ected, while in the rise and fall system, there 
B generanr?.,2®?^ rtf intermediate reductions. The first system 
/ork wh ^ T levels for constructional 

1118 ’.nd otheMm'SnlToik. 



EHHOttS IN LEVELUNG 
butnuMotal 

The instrument must be in perfect adjustment. The essential conditions 
are that the line of collimation must be paralled to the bubble line and both 
of them must be at right angles to the vertical axis. After the instrument 
is set up, if during every reading the bubble is to be brought in the centre, 
then permanent adjustment will have to be made. Till the above is not done, 
the position of the staff at change points should be so selected that its dis- 
tance from the instrument is exactly or at least very nearly equal to that 
where the previous back sight was taken. 

Errors In manipulation 

While taking back or foresight* if the bubble moves out of centre, then 
bring it in the centre by turning the screw or screws which are nearest in 
line with the axis of the telescope. Once the adjustment is done do not 
touch the legs of the level. The error increases with the increase in the 
staff reading and is maximum when the reading approaches the top. 

Errors In sighting 

The common error is due to parallax. There will be no parallax so long 
the focus of the eye-piece and that of the cross hairs of the diaphragm 
coincides. 

Errors due to die settlemmit of level m staff 

If one or two legs settle down after setting up of level either by their 
own weight or in soft ground the bubble will get disturbed. If the staff 
settles down it will remain undetected. The staff should, therefore, be placed 
on a firm ground when the position of the instrument is changed. 

Errors due to natural causes 

This may be due to curvature of the earth, refraction or effect of 
strong wind. The first two are not important for ordinary levelling operation 
and correction can be applied. But when the wind is strong, ieveiling should 
be stopped. If the rays of sun strike the object glass it is difficult to read 
the staff. In such cases survey umbrella should be used. 

During summer after 10 O' clock in the morning, the staff facing the 
sun cannot be read from distance and at that time it should be held nearer 
to the level. 

Bubble correction 

If the bubble moves out of the central position i.e it does not traverse, 
bring the telescope on the first pair of foot screws just to see whether it 
returns to the centre, then turn the telescope to far end and note its depar- 
ture from one-half of this departure i.e. n divisions by turning the capstan- 
headed nuts at one end of the tube which connect the bubble tube to the 
telescope and the other half by turning the foot screws and bring the bubble 
to the centre. One or two trials may be required. 
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pafti yte^i of; ooantQUT map 

t For this purpose the levels should be taken on a grid system spaced at 
nee consistent with accuracy. The reduced levels of those points should, 
jfore, be recorded on the base map. It Is essential to insist that the sur- 
br takes levels on the grid lines whenever there Is a distinct change in 
topography so that the level map is accurate representation of the topo- 
phy. 
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BEHAVIOUR AND GROWTH OF tea PL^ 

A 

IN RELATION TO SOIL MOISTURE 


L. Manlvel 


Botany Department 


Tocklai 


Introductlmi 

Water from the soil is absorbed through feeder roots and is translocated 
through conducting vessels to the leaves, which are the centre of metabolic 
activities. Stomatal pores are distributed on the under surface of leaves 
which help in gas exchange. Water vapor escapes to the atmosphere through 
the stomatal pores. Therefore, soil— water-plant relationship is a continuum. 
Alongwith the water, mineral nutrients are also absorbed and enter the plant 
cells. The deficit in plant water is caused due to the transpirational loss 
through the cuticle and stomata, whereas moisture stress in soil Is caused 
by evaporation. The water status of plant is never in equilibrium with that 
of soil. Two types of water stress are encountered in tea - drought due to 
deficit and waterlogging due to excess water. Plant response to water stress 
can be studied for whole plant as well as at the cellular level. 

Water deficit 

Water deficit occurs in the tissues of transpiring plants. When there is 
enough moisture in the soil, due to gradient between soil wafer and plant 
water content, water is absorbed and translocated to make up the deficit. 
If the transpirational loss exceeds absorption, the moisture stress sets in and 
the plants start wilting. Wilting starts first in tender leaves and shoots on 
the plucking table of the tea bush. The lower leaves and shaded shoots 
below the plucking table are less affected.Continued water deficit restricts 
leaf expansion and delays bud break, resulting in smaller leaves and less 
number of pluckable shoots. 

Water deficit sets off series of reactions in the leaves. The first action 

is the loss of turgidity in the tissues. In response to reduced turgor, the 

stomatal pores close in an attempt to conserve moisture, thereby reducing 
the transpirational loss of COj intake. Due to stomatal closure, photosynthe- 
tic rate goes down leading to reduced assimilates available for plant func- 
tion. As the turgidity is reduced coupled with lack of assimilates, the trans- 
location of assimilates to other parts i.e. the sinks (bud) is reduced. Due to 
the paucity of metabolite supply, the bud break and leaf expansion are retar- 
ded, which ultimately reflect on th^ poor crop. If the deficit is of shoff 

duration the plants recover and make up the loss in yield. If the deficit is 

of prolonged nature, the loss is not made up and future yield is also affected. 

Water deficit may be caused due to environmental condition like high 
ambient temperature due to direct solar radiation or high winds. These are 
short lived and remedial measures like good shade and windbreaks (shelter 
belts) can reduce the impact. Water deficit can also be overcome by timely 
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iigatlotb These ameliorative steps against water deficit reflect in ultimate 
Icroased productlvlfy of the tea bushes. 

Potential difference between uptake and transpiration determines the 

of the plant. Transpiration loss slows down when soil moisture con- 
Wt maps down to 40% of available moisture. During post planting and post 
^anilK of tea bush, there will be reduction in transpiration rate proportional 
b the MROunt of soil surface exposed to sun. The clones differ due to their 
Ifference of stomatal response during water stress. Rooting depth is another 
Btermlnant which varies with soil and water. In dry soils, water movement 
I restricted. Roots mtist obtain water by extending deep into the moist soil 
lyers. In this respect, the alternation of growth phases between roots and 
loots* are worth noting. There is cessation of root elongation following pru- 
Ing of tea bush. 

level reqxHise to water defldt 

Growth or streaming of protoplasm is the criteria for life. At low 
rater content of cells, protoplasm undergoes desiccation. Desiccated proto- 
ilasm retains viability. Sugars and proteins can offer protection to enzymes 
indergolng dehydration. Due to the dehydration of protoplasm, the organelles 
Jiloroplasts, responsible for photosynthesis and the intracellular enzymes Inside are 
jeslccated, ultimately affecting the rate of photosynthesis and assimilation of 
fcotosynthates. Inactivation of enzymes during dehydration is due to Intra/in- 
inff molecular structural changes. Further water deficits of intact cells lead 
io release or to activate the degradatlve enzymes. Water deficit thus affects 
he cells either through direct damage or through Interaction or conforma- 
lonal changes. Photosynthesis responds to desiccation and rehydration before 
jhanges to transpiration. The following are the cellular level changes due to 
jrater deficit: 


(1) reduction in photosynthesis, 

(2) closure of stomates, 

(3) reduction in chloroplast *(electron transport) activity, 

(4) reduced dark respiration, 

(5) reduced cell expansion and leaf growth. 

Stomatal closure and restriction of CO 2 diffusion may account for loss 
if photos)mthetic activity. Decreased chloroplast activity is the cause of 
tepressed photosynthesis especially the light reaction. Decreased development 
>f leaf area due to water deficit results in decreased photosynthesis 
decrease in leaf area is the earliest sign of water deficit. Leaf senescence 
f accelerated resulting in irreversible loss of ) photosynthetic surface, Jj2SS. 
h leaf area coupled with photosynthesis rate causes potential crop reduction, 
jlater deficiencies therefore, decrease yield by decreasing photosynthates 
Iccumulated during the season. Figure 4.1 shows three different clonal plants 
if tea in wilted stage due to moisture stress. 
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riu. 4.1. EFFECT OF DROUGHT ON 3 DIFFERENT TEA CLONES 



FIG. 4.2 EFFECT OF WATERLOGGING CW TEA SHOOT 



pjQ 4^3 EFFECT OP WATERWGGIHG ON YOUNG TEA ROOTS 
vA) NORMAL sB) WATERLOGGED 
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t^Mdlng 

During prolonged water deficit, as a protective and conservancy mecha^ 
nlsm, the plants shed their leaves to minimise the transpiration loss. Leaf 
fall is hastened by formation of abscission layer. Sometimes, leaf fall starts 
after rehydration. Forniatlon of absclsic acid and ethylene are implicated In 
leaf shedding. Plant responses to water deficit may be summed up as below: 

(1) translocation of assimilates reduced, 

(2) reduction in photosynthesis, 

(3) reduction in growth, 

(4) reduction in sink, and 

(5) reduction in leaf area. 

Both leaf expansion and senescence are sensitive to water deficit. 
Waterlogging 

Waterlogging during rainy season is a .common feature in tea soils. At 
times plants are also submerged upto ground level for prolonged duration. 
The primary cause of suffering of plants due to waterlogging Is due to lack 
of aeration. Impeded respiration due to paucity of oxygen will suffocate the 
roots which retards the absorption of nutrients and synthesis of vital hormo- 
nes like oytokinln and glbberellic acid. Prolonged waterlogging triggers the 
release of ethylene gas which suppresses the growth and accelerates leaf 
fall through abscission. 

Saturation of soil for extended periods leads to a number of sequential 
physiological disturbances in tea plants as follows: 

(1) reduced absorption, 

(2) leaf water deficits, 

(3) reduced mineral uptake, 

(4) leaf epinasty, 

(5) stem thickening, 

(6) callus and adventitious roots, 

(7) leaf senescence, and 

(8) leaf abscission usually with lower leaves. 

Causes of injury due to waterlogging 

Principal causes of injury due to waterlogging are: 

(1) decrease in soil oxygen, 

(2) increase in COji 

(3) pronounced water stress, and 

(4) wilting of leaves. 

Continued deficit of aeration causes injury and death of cells. Both 
absorption and translocation of nutrients are hindered due to lack of permea- 
bility of root membrances and plugging of xylem vassels with tyloses. Ulti- 
mately the roots are degenerated and destroyed. 

Waterlogging reduces glbberellin level in shoots. Hence waterlogged 
P ants respond better than unflooded plants to gibberellins. Chlorosis Of 
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lower; leaves In flooded plants is attributed to decrease irt cytoklnln syp^he- 
sis In roots. Ethylene has the central role In Inducing the Injury and eventual 
leaf shedding. The effect of waterlogging on tea shoots an d roots are shown 
In Fig. 4.2 and 4.3 respectively. 

Measurement of shoot water status 

Shoot water status is measured b^ed on: 

(1) relative water content, and 

(2) pressure chamber. 

Water content of shoots in day time varies between 85-95%. The fluc- 
tuation is subject to environmental variations. The most reliable and 
commonly used technique is Scholander Pressure Chamber technique which 
measures the water tension in the xylem, known as turgldlty. The shoot water 
potential fluctuates between -5 to -15 bars depending on the soli moisture 
deficit. 

Sampling and the technique of measuring shoot water status using pre- 
ssure chamber has been standardised and the Tocklai Cultivars had been 
evaluated for drought tolerance. 

Distribution of stomates, response of stomates to drought in terms 
of stomatal resistance to transpiration, accumulation of proline etc. had been 
evaluated by TRA to use as a parameter for screening. Stomatal resistance 
and proline accumulation are positively correlated with the drought tolerance 
of cultivars. 

Water stress and productivity 

Stresses that reduce transpiration also reduce dry matter production. 
Lower the water content in leaves, lesser is the rate of photosynthesis. Tea, 
being a C3 plant, is more sensitive to shoot water potential Influenced by 
transpiration. 

Tolerance allows plants to survive the stress by slowing down both dry 
matter accumulation and transpiration. Some amount of energy is spent in 
the adaptation as well. Hence, a drought tolerant plant may not be as 
productive as a plant growing In optimal conditions. Temporary ameliorative 
steps to overcome drought especially in young tea through use of growth 
regulators - antitranspirants are being attempted. Potash foliar spray during 
dry months against drought is the recommended practice. However the long 
iMting permanent solution lies in evaluation of tolerant plants through bree- 
ding and improved management. An ideal plant envisaged should be of high 
water use efficiency, higher productivity and drought tolerant responding 
favourably to higher inputs. 

Root growth 

The most affected part of the plant under waterlogged condition is 
root. The roots decay and cannot absorb the nutrients. In waterlogged soli, 
there is accumulation of hydrogen sulphide. Presence of even a trace of hy- 
drogen sulphide is very toxic and can kill the [Mants. Roots have the ability 
tp extract nutrients when In contact with soil crumbs. Roots can also take 



ip Immobile nutElent$ ludi w phosphate by establishing direct contact. Under 
waterlogged cmidtlon^ because of collapse of soil crumbs and degeneration 
)f root system, roots not only fall to establish such direct contacts but also 
jannot take up the required amount of nutrients from the soil solution. 

ixperimental Results 

A high watertable during tfie rains and stiff, compacted sub-soils are 
jonsidered to be the main reasons for poor and shallow development of roots 
n many tea areas in the plains of N.E. India. Both these conditions interfere 
leverely with root aeration, restricting root growth to the surface layers of 
soil where air is more readily accessible. Distribution of root system of tea 
)ush is shown in Fig. 4.4. 
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FIG. 4.4. DISTRIBUTION PATTERN OF ROOT SYSTEM 

Thus, the whole problem of increasing root and therefore, top growth 
)f tea bushes revolves round improved aeration and drainage of soil. So far, 
much importance has been placed by the industry to the management of the 
lerial part of the tea bushes. Attention to the top alone would not raise the 
deld of the tea bushes to the desired levels. 

It has been commonly observed that: 

^ tea bushes in plains of N.E. India are shallow rpoting, 

there is an intimate relationship between growth of the aerial part 
and the root of a tea plant, 

1^1) without Incrdasing the volume of roots, ;if is not possible to incre- 
ase the top 'growth beyond a certain limit ^nd hence yield will be 
limited. ' 
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Iv) making due allowances fm* clonal and jat differences, the root 
growth can only be improved by improving soil aeration and pre- 
venting waterlogging. 

Photo^ndiasls 

In an experiment conducted on six month old tea seedlings grown under 
ideal conditions in a glass house, the following treatments were studied: 

Croup 1 Control - left in normally watered state; 

Group 2 Plants placed up to base of their stems in standing water 
(waterlogged series). 

Group 3 Plants not watered at all 
(drought series). 

At frequent intervals, plants from all the three groups were taken into 
the laboratory and by using infra-red gas analysis technique, photosynthesis, 
was determined. The rate of carbondioxlde uptake, which is a measure of 
plMtosynthetic activity, is given in Table 4.1. 


Table 4.1 Rate of CO^ uptake 


Treatments 

Rate of CO 2 uptake, ppm 

Normal plants 

21 - 43 

Waterlogged plants 

0 - 5 

Drought plants 

1 - 6 


The above results are extracted as typical from many determinations 
during the experimentation and quite a staggering effects of waterlogging and 
drought on the growth of the plants are clearly seen. When the droughted 
plants were watered they responded and regained growth, but the waterlogged 
plants on draining excess water were slow to recover. 

Tranqdratioo loss 

The results from our Physiological studies on transpiration loss by 
plants that are waterlogged and plants grown at field capacity moisture are 
ihown in Table 4.2 

Table 4.2 : Transpiration loss by tea plants under 


waterlogged and control conditions 

treatment 

moisture loss per leaf per day, mg 

Waterlogged plants 

220.7 

Control; plants grown at 
F.C. moisture 

354.8 


Inspite of higher relative turgor of the waterlogged leaf, there was 
inariied reduction in transpiration rate. Further, the waterlogged plants 
ihowed symptoms similar to wilting even at field capacity level. This is 
because the roots were incapable of drawing water as the roots were found 
to turn black and got decomposed. 
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eactions of tea 

Experjinents were carried out with clones to find the effect of various 
ooding levels and no moisture supply to tea. The clones included were broad 
af Assam type, hybrid and extreme china (clones TV-18, TVl and TV7 res- 

ictively). 

The treatments Included were: 

Tj * Field capacity moisture 
Tj = No moisture replenishment 

Tj Half root zone submerged 

Ti, * Full rootzone submerged 

Tj » Plants half submerged 

Tj » Plants fully submerged. 

(Field capacity moisture) 

1 The plants were weighed at Intervals and the required water was added 
^ maintain moisture in rootzone at field capacity level till the end of the 
iperiment. 

I (No moisture replenishment) 

No moisture replenishment was made and the soil in the rootzone was 
lowed to dry till the plants showed signs of wilting. 

! J%J 5 ,T,{ Treatments receiving various degrees of watm-logging) 

One plant of each clone from each treatment was taken out every day 
1 the end of the experiment and kept under sha'de to drain off excess 
Iter. 

The results were as follows: 

i) Clones did not differ between themselves as far as their reaction 
to waterlogging is concerned. 

i>) Plants kept at field capacity moisture (Ti) showed uninterrupted 
growth throughout, 

ih) Plants, which received no moisture replenishment (T 2 ) showed signs 
of wilting when the soil moisture level dropped down to 5.7%, but 
revived when watering was done. They sliowed permanent signs of 
wilting when soil moisture dropped to 4.2% and could not be revi- 
ved by watering and the plants died. 

■v) Half rootzone submerged (T,) plants upto two weeks did not show 
any hotlceable effect, when allowed to drain excess water. Beyond 
two weeks upto end of three months period when the experiment 
was terminated, the plants showed signs of distress of varying 
aegr^ depending on the length of submergence period but ail sur- 
vived on draining excess water from rootzone. 

zftn» !ff observed that new root growth started from above the 
one of submergence and the plants started growing again. 

7a- 



v) Full rootxoae (T^f atiKi half subm&tgcd sftowed 

signs of distress in about five days time. But survived on draininj 

rootzone moisturei up to 4th week of submergence in a moribund 

state. Beyond 4th week, ail the plants died and roots decayed 

giving off hydrogen sulphide (rotten egg smell). 

vi) In fully submerged plants (Te) defoliation and blackening of stem 
started in two days time but survived in a moribund state on drai- 
ning rootzone water upto two weeks of submergence. Beyond two 
weeks of submergence, the plants could not be revived on draining 
water from rootzone. 

Results of this experiment are summarised in Table 4.3. 

Table 4.3 Summarised results of different levels of moisture treatment 


Treatments 

Condition of 
growth 

Whether plants can 
be revived on add- 
ing water or drai- 
ning excess water 
as the case may be 

Rate of 
recovery 

Any other 
feature 

Tj (Field capa- 
city mois- 
ture) 

Good growth 
ail throughout 




Tj(No mols- Temporary wil- 
ture replace- ting at soil 
ment) moisture 5.7% 

Yes 

Fairly 

rapid 

Root 

system 

alright 


Permanent 
wilting at soil 
moisture 4.2%. 


Plants 

died 

Dead roots 
attached to 
plants 

T 3 (i rootzone 
submerged) 

No symptom up Yes, upto 
to 2 weelcs 3 months 

Slow 

New roots 
developed 

T^(Full root- Sign of dis- 
zone submer tress in 5 days 
merged) 

Yes, upto 

4th week 

Very 

slow 

HiS 

present 

T 5 (i plant 
submerged) 

Sign of dis- 
tress in 5 days 

Yes, upto 

4th week 

very 

slow 

HaS 

present 

TjlFull plant 
submerged) 

Sign of dis- 
tress in 2 days 

Yes, upto 

2nd week 

very 

very 

stow 

HaS 

present 








^ of water table on growth of tfia 

To ttijdy the growth and nutrient uptake by tea plants In association 
^h water table at depths 45, 90 and 135 cm from the soil surface, tanks 
Ide of G.I. sheets were installed. The arrangement comprises of an inner 
Ik of 1.5 m X 1.5 m X 1.5 m with wire mesh at the bottom, placed within 

outer tank of 1.8 m x 1.8 m x 1.8 m. The outer tank was provided with 

tlet at desired depth from the surface to allow maintenance of watertable 

inner tanks at 45, 90 and 135 cm from the surface. The inner tanks were 

ed with soli in the natural sequence occurring in the field and allowed to 
tie down for about a year before starting the experiment. 

When the soil settled down in tanks, eighteen month old clonal plants 
1 and S3A/3 were planted at spacing of 25 cm x 21 cm. 

The growth was poor in 45 cm but growth at 90 cm and 135 cm was 
lally good at the beginning. But one year after planting there was drought 
the beginning of the year and the plants in 135 cm tank suffered very 
lly and could not recover for next few years. 

sld 

Relationship between yield and depth of watertable is shown in Fig. 



*■12. 4.5. RELATIONSHIP BETWEEN TEA YIELD & DEPTH OF WATER TABLE 

ie that when watertable was kept at 45 cm from «ir. 

? water ®able 11*90 ^ compared to the bushes grown 

hr table fixed at^ls rm frnn!^?i. Plants grown at 

niost of fhA 1 j j th6 8urf8C6 hsd to be rcpldccd ©very vesr 
jglng. plants died or existed in moribund condition due to water- 
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Results of swsejr on good and bed drainage 

A survey on the effect of (b^ainage oh yield and response to fertiliser 
was carried out by TRA in areas comprising of Dooars and Terai. All the iI 2 
member estates of Dooars and Terai were included in this survey. Effect of 
drainage status on yield is shown in Fig. 4.6. 



FIG. 4.6. EFFECT OF DRAINAGE ON YIELD 

The overall yield increase due to good drainage was estimated as 18%. 
It may be noted here that under ideal drainage conditions, increase in yield 
could be as high as 50% in some areas. 

Effect of nitrogen manuring mi yield under good and pom* drainage 
condition is shown in Fig. 4 . 7 . 
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NITROGEN, kg/ha 

FIG. 4.7. EFFECT OF NITROGEN APPLICATION ON TEA YIELD 
UNDER GOOD & POOR DRAINAGE STATUS 

Yield Increased In both the cases with increasing dose of nitrogen, but 
Ssponse was much higher In good drainage condition. Response in yield at 
20 - i50 kg N/ha /under poor drainage condition was same as that of 60 - 
P kg N/ha under good drainage condition. This clearly shows that when the 
pshes are grown under good drainage condition, they are in a better posl- 
ion to utilise the fertilizer more efficiently and the response in yield is 
maintained upto the observed maximum level i.e. 150 - 180 kg N^a, whereas 
^der poor drainage condition, the yield declined beyond 120 - 150 kg N/ha. 
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drainage of flAt lands 

UNDER TEA PLANTATION 

Bhupal Singh 
of Soil & Water Management 

Tocklai 


Introduction 

Groundwater drainage Is defined as the removal of water from the root 
zone by lowering the groundwater table. It can be accomplished by correctly 
spaced deep open drains of various sizes and .shapes, underground pipe drains 
or by a combination of both. 

Earlier, shallow open drains were provided in tea areas to collect the 
surface runoff but the current practice is to have deeper drains to drain the 
subsoil water as well. Therefore, as far as possible, the drains are being dee- 
pened further depending upon the availability of outlet. Since, the design of 
suitable drainage system requires Information about soil, topography, source 
of excess water and amount of excess water, the experiments have been 
taken up to evaluate these variables. Without the necessary investigation of 
above mentioned parameters and detailed survey, it is not possible to reco- 
mmend the size, shape, depth and spacing of drains in a particular area. The 
preliminary survey of the proposed drainage project in an estate is, there- 
fore, an important initial investigation to avoid further complications that 
may come up at the later stages of planning a drainage system. 

Preliminary survey 

The survey should include the following aspects: 

i) Land topography - natural depressions and waterways etc. 

ii) Soil properties - texture, structure, permeability," porosity, bulk 

density etc. 

ill) Outlet availability - distance of natural outlet from drainage 

area, elevation of outlet and elevation of most low lying areas 
to be drained. 

iv) Rainfall, runoff, seepage and deep percolation data. 

v) The high flood level of the river in drainage basin. 

vi) The size and location of bridges, culverts, rivers, P.W.D. roads 

and railway lines. 

vii) The size of the area to be drained. 

The topographic survey gives a clue to the type of drainage system 
needed and location of drains in a given area. The soil properties affect the 
shape (cress-section), side slope, and bed grades of the drain. 
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The Infornjatlon reg««*di|ng availability of outlet helps In deciding the 
depth and the nthxlinum length of t^^ 

The drainage system Is then designed and drain spacings are calculated. 
The design requirement and procedure followed are as follows. 

Design of open drains 

A properly designed drainage system should provide the following condi- 
tions; 

i) velocity of flow such that neither serious scouring nor sedimenta- 
tion will result, 

ii) sufficient capacity to carry the design flow, 

(ii) hydraulic grade line low enough to drain the land, 

iv) side slopes will not cave-in or slide into the drain* 

The design of an open drainage system includes mainly the shape, size, 
depth, bed grade, side slope, alignment, junctions and spacing of drains which 
are briefly discussed below: 

1. Drain shape 

The shape of the drain Is determined from the texture and stability of 
the soil. Open drains are mostly designed with trapezoidal cross section (Fig. 
i.l) 

I TOP I 

U WIDTH — .aJ 



I* H 

BOTTOM WlDTh(b) 

TIG. 5.1 SHAPE OF A MAIN DRAIN 




2. Drain <lq)th 

The depth of the drain mainly depends on the avaiiabitity of outlet. The 
depth of laterals (secondary drains) should be sufficient to adequateiy drain 
the subsoil water. For this purpose, the laterals require a minimum depth of 
105 cm. The depth of sub-main and main drains should not be less than 120 
cm and 150 cm respectively. 

3* Sde slqpe 

The practice in North East India is to have almost vertical sides of 
laterals (secondary drains). Wherever it is known that vertical sides of the 
drains are not stable it is necessary to dig the drains with sufficient side 
slope to ensure that drain sides do not collapse. The side slope of the drain 
is determined principally by soil texture and stability. Most critical condition 
for caving occurs after a rapid drop in the flow level that leaves the drain 
bank saturated. Suggested standard side slopes for different types of soil are 
presented in Table 5.1 


Table 5.1 Side slope for open drains in tea soils 


Soil type 

Designed slope 
horizontal : 
vertical (as 
per angle of 
repose) 

Practical slope 
horizontal 
: vertical 

Loamy sand 

2 : 1 

0.5 : 1 

Sandy loam 

1.5: 1 

0.25 : 1 

Silt loam. 

1: 1 

vertical 

loam and clay- 



loam 




4. Bottom width : After the drain depth and side slopes are selected, the 
bottom width' for the most efficient cross section can be determined by using 
standard formula: 

b B 2 d tan — § — 

2 

where : b ■ bottom width of the drain, cm 

d ■ designed depth of flow in the drain, cm 

9 > side slope angle in degrees. 

5. Drain bed grade and permiartble velocity 

The bed ^ade of the drain is determined largely by the natural slope 
of the land, drain depth and outlet elevation. The steeper the grade, higher 
will be the velocity and discharge for the same cross-sectional area of the 
drain. But excessive grade produces very high velocities which cause erosion. 
The grade usually ranges from 0.05 to 0.5% l.e. 5 to 50 cm drc^ in 100 m 
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un. Silting may take place ip the channel if the grade is less than 0.05%, 
[or determining the grade, the velocities should be checked and the maxi- 
mum grade designed so that the velocities do not exceed the maximum per- 
iissible velocities presented in Table 5.2. Manning's formula is commonly 
8d to calculate the safe velocity for a given cross-section of a drain. 

lanning's formula : 

Q ■ a V 

nd V * rO-667 ,0.52 

Irhere : Q = designed flow, cum/sec, 

a » cross-sectional area of the drain, sq.m., 

V = velocity of flow in the drain, m/sec.. 


Kn, = Manning's coefficient * 42 under norma! conditions, 

R = hydraulic radius = ®. , m 

P 

s = hydraulic slope, m/s. 


Table 5.2 Maximum permissible velocities for various 
soil textures and drains clear of weeds 


Type of soil 

Maximum permissible 
velocity, m/sec 

Loamy sand 

0.45 

Sandy loam, silt loam 

0.60 

Loam 

0.65 

Clay loam 

0.70 


Drain spacing 


The drain spacing depends mainly on the following: 

0 depth of drain, 

h) effective rate of rainfall in the drainage area or drainage coeffi- 
cient, 

equivalent depth to Impermeable layer below the drain bed, 
soil hydraulic conductivity (permeability) and porosity, 
maximum permissible height of water table above drain bed. 


f ‘?«"y/a*’‘ables involved and soil differences in various parts 

dll be satUfn,.»”^ * n possible to develop a general method which 
«ed for each situations. The drain spacing is, therefore, calcu- 

ieters ®f®a independently based on the values of the above para- 
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Procedure for calculating drain spacing In flat lands is different from 
that of sloping lands. There are more than 40 steady state, 10 unsteady 
state, and 10 empirical drain spacing formulas available in drainage litera- 
ture. However, Hooghoudt's steady state equation Is commonly used in drai- 
nage system design In plains because of its simplicity. 

Hooghoudt's Formula: 


.. 4 K Hn, 


( 2 ♦ H ) 

e m 


where: S » drain spacing, m 

K = soil hydraulic conductivity, m/day 
H = height of water table at midpoint between the two drains 
above the bed Idvel of the drain, m 
q - drainage coefficient, m/day 

D 3 equivalent depth to impervious layer below the drain bed 
® level, m. 

Grice (1971) suggested a procedure for calculating drain spacing in slo- 
ping lands. This procedure is based on a formula used for spacing terraces 
for soil erosion control in areas where soil erosion is the main problem and 
generally rainfall is not as high as experienced in North East India. Grice 
further stated that 'sticking strictly to these formulas will certainly control 
soil erosion, but it will be found that if used in North East Indian conditions 
without adjustments for slopes below 3% the distance apart of the drains 
will be so great that they will not meet the other essential requirements of 
efficient water disposal'. 


It was therefore, suggested that the horizontal distance between drains 
for slopes below 3% be based on calculation for a 3% slope in the interim 
period until more information about runoff details under varying conditions 
of slope, soil and rainfall is available. Planning open drainage system based 
on topography has been very popular with the tea industry. The most serious 
problem faced is to dig the drains on the contours in existing mature tea 
as this requires uprooting of a large number of bushes to have the properly 
aligned drains. Drains dug to pass through the space between the two tea 
bushes without uprooting the bushes falling in the way, will be zig-zag and 
will have sharp turns with varying sizes, which is highly undesirable. This 
problem may, however, not be so serious in uprooted or extension areas 
where tea can also be planted along the contours. 

7. I>aln size 


The size of a drain depends mainly upon side slope, bed grade, maxi- 
mum permissible velocity, drain depth, shape of its cross-section, drainage 
coefficient and total quantity of water to be carried out by the drain. 

The drainage coefficient, which is the depth of water to be removed 
from a drainage area in 24 hours time, involves a complex of hydrologic fac- 
tors such as rainfall, surface runoff, seepage into and out of the area, perco- 
lation Icses, soil moisture storage, consumptive use of tea and evaporation 
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bsses etc. It therefore, quite dlfficuli to evaluate the drainage coef fi- 
llet accurately. Nevertheless, for practical purposes important factors like 
effective rainfall and consumptive use of tea can be utilised to arrive at a 
Reasonable figure of drainage coefficient which can be considered in the 
Wgn of drain for the time being. 

[ The drain cross sectional area, bottom width and top width can then 
^ calculated from standard equations. An idea of the requirement of drain 
jlze for sandy-loam type of soils can be obtained from Table 5.3. However, 
it may be emphasised that sloping the side walls of laterals is not a reco- 
mmendation in all the situations but the table simply gives the idea of 
minimum specifications of a drain which may be useful in unstable and loose 
bils. 

The drains are usually not designed for maximum permissible velocity 
iut are designed for self cleaning and non-erosive velocity. A minimum velo- 
city of 45 cm/sec is required to keep the drains clean. The same value of 
/elocity is used in the calculations for drain dimensions presented in Table 

).3. 

Table 5.3 Design specifications of drains in 
medium textured-soil (sandy loam type) 


)rain 

Drain 

Top 

Bottom 

Mini, desirable 

Depth of 


depth, 

width, 

width, 

Bed grade 

flow in the 


cm 

cm 

cm 

% 

drain, cm 

ateral drain 

105 

45 

15-20 

0.25 

10 

ub main drain 


75-100 

30-50 

0.15 

15 

lain drain 


I 00- I 50 

50-100 

0.10 

30 


It may be seen that the hydraulically designed lateral drains will 
squire a large area of land. The common practice in tea industry, there- 
sre, is to have the drains dug in between the two rows of tea. These drains 
jay not meet the design requirement particularly when they are deeper than 
3 cm and will demand for regular maintenance every year to function 
ffectively. 

Alignment of main drain 

Proper alignment Includes the design of straight drains and, wherever 
^cessary, gradual curves to prevent excessive bank erosion. The radius of 
irvature depends on the velocity of flow and stability of the side slopes. 

Drain Junctltm " 

The junctions of the drain with another should be such that serious 
ink erosion, scour holes, or sedimentation will not occur. The laterals should 
1 designed to enter the larger drain at an angle less than or equal to 90* 
laxi.) with the direction of water flow in the larger drain. 

There niust not be any overfall at the drain jactlons. The laterals and 
b-malns should Join at the same bed elevation. If the laterals are shallower 
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then the sub-mains, the overfall at the Junctions may be eliminated by 
increasing the grade of the lateral in tiie last 10-20 m dr by increasing the 
slope on the entire lateral. A steep grade at the Junction is not desirable 
but may be better than having an ov^alL ^nce maximum velocities occur 
at the higher stages, the increased grade near the outlet may not be serious 
because the water in the sub-main drain will back-up into the laterals. 

10 > Prain locatimi 

After the drainage system has been designed, one can proceed with the 
field layout. The general location and alignment Of the drains has normally 
been determined by the preliminary survey. A few general rules for locating 
the drains are given below: 

i) For main drains and sub-main drains, follow the general direction 
of natural waterways, 

ii) Large size drains ..should be straight as far as possible or with 
gradual curves, if required; 

iii) Locate a drain along the estate boundary, if practicable, 

Iv) Make use of existing drainage system as much as possible, 

v) Use the available grade in flat lands to best advantage, 

vl) Avoid Ideating drains in a place where it will require expensive 
structures and maintenance. 

Types of drainage system (i) 

In general, the types of drainage system required in tea soils are (Fig. 

5.2): 

(i) Random 
(11) Herringbone 
ill) Gridiron 
(Iv) Interceptor 

M Random 

This system is adopted to drain out small, isolated, wet low areas. The 
drains are dug through the natural depressions. 

dj) Herringbone 

It is adopted to areas where the land slopes to middle from both direc- 
tions. The main drain is dug in the low land normal to the land slope. In 
this case, the laterals join the main drain from both sides. 

(lU) (Mdlron 

In this case, the laterals enter the main only from one side, Where the 
width of waterway is more, a main is constructed along both sides of the 
waterways. 

(tv) bicaroeptor 

It is dug near the upper edge of a wet area. This condition normally 
exists along waterways. To drain such areas, the intercepted drain shall ^ 
Installed bn both sides of the waterways. 
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FIG. 5.2 TYPES OF DRAINAGE SYSTEM 


In flat lands, the lateral drains can be dug at the required grade In the 
direction across the general slope of land or in the direction of general slope 
according to ijiad and convenience in working and planting tea. The drainage 
system having long sub-main drains with short laterals (secondaries) is called 
the herringbone system. The drainage system consisting of long parallel late- 
rals (secondaries) connected to a short sub-main is called gridiron system. 
The gridiron pattern is more economical than the herringbone system because 
the number of Juctlons and the double drained area are reduced. 

11- Drain oonstnictlon 

Digging of the drain should start at the outlet end and proceed up- 
u ® drains should be dug first, followed by sub-main drains, and 
tnen the laterals. The digging in unstable soils should be carried out in- 
stages otherwise there would be danger of collapsing of the side walls due 
10 excessive seepage pressures on the walls. 

Spoil banks 


ovpr (excavated soil) of all the drains should be spread evenly 

ZniH K excavated soil cannot be spread, it 

f of ‘•’e at least 3 m away 

ne bank so that its weight does not cause instability to the drain bank. 

13. Period of drain construction 

The period for drain construction is mainly decided on the basis of the 
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«,!«. *o.,d b. «» «,a :ls:j '" '«> 

14. Lmgtli of draiii 

surf^, thwe®"ls ttml^?^dra?nVngrt parallel to the soil 

graphy. On level lands, a drain on a sfoL ‘ Imposed by the topo- 

In 200 metres, and this distanr^ tuw. ^ of 0.15 percent, will drop 30 cm 
length of the dralnl SimUMir? drS?^«H maximum permissible 

will drop 30 cm in 6M meJrSL and tW *'®P® percent 

mum permissible length of therein? in thlfc^ 

Advantages of open drains 
i) initial cost is lowi 


ii) easy to construct by manual labour, 

ill) they are able to carry large quantities of water, 

iv) they can be commonly used as collectors or main drains, 

v) they can be used as conveyance channels for surface runoff, 

Vi) they can be used to control the water table if dug to the 
required depth. 


However there are certain difficulties with open drainage system which 
are listed below: 

Disadvantages of qiien drains 

(t) Land removed 

Open drains of required size and slope will occupy a large amount of 
tan^ whidi otherwise could be planted with tea. 

Bridges and crossing 

Open drains may require several bridges, culverts and other structures 
for labourers and vehicles to cross. These expensive structures will additiona- 
lly present maintenance problems. 


(m) Midntenanoe 

Open drains are more difficult to maintain than the pipe drains. It is 
dwerved in many tea estates that a number of open drains are not fully 
effective for drainage due to Inadequate and lack of timely maintenance. 

Csmses of Drain Failure 

It is difficult to keep open drains operating efficiently in unstable and 
loose soils. Major causes of their failures are: 

(a) Sedimentatioa in Bw drain channel 

Most of the sediment that comes into the drain is due to erosion of 
the surrounding land and scouring within the drain Itself. Soil scouring and 
siltation In the (h*aln opeurs if the bed grade is not adequate and uniform 
throughout the length of the (frain. 
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b) Improper location and alignment of drains 

It causes serious bank erosion of the drain. In unstable soils even the 
gradual turns may not be able to eliminate erosion in the drain. 

c) Improper Junctions 

Improper junctions of one drain with another and overfall at the junc- 
[lons cause serious bank erosion, scour holes or sedimentation in the drain. 

|d) Inadequate size and shape of the drain 

I The deep drains (depth more than 90 cm) dug in the available space 
between two tea rows do not usually meet the design requirement of a 
Brain. Such drains will require regular maintenance if they are to do the job 
piey are meant for. 

]e) Inadequate culvert and bridge capacity 
ff) Improper land use on the watershed 
(g) Excessive growth of weed in the drains 
h) Blockage of natural waterways/outlet drains 

It is clear that in many situations it would be extremely difficult to 
leep the open drains operating effectively, particularly in unstable soils, 
yithout regular maintenance. In order to control the water table 90 cm 
telow the ground surface, the lateral drains will have to be 105 cm deep 
minimum). The deep drains with trapezoidal cross-section will occupy much 
aluable land. A great deal of unnecessary and expensive maintenance is 
laused by faulty drain construction in unstable soils. Many cases are seen 
f collapsed drain sides as a result of not having proper design. It, there- 
ore, becomes important to find out the possibilities of an alternative drai- 
lage system for unstable and loose soils where deep open drains with nearly 
ertical sides fail to work effectively. One alternative, which is being eva* 
uated at Tocklal, is the underground pipe drainage system. 

it is realised from literature that in comparison to open drains the pipe 
irains require less maintenance. The pipe of adequate size laid at a required 
rade with properly designed envelope material will cause no problem of sll- 
ation or deposition of sediments in the drain. However, the areas where 
prings feed the pipe drains, the roots of shade trees and tea bushes may 
i’ow into the pipe and obstruct the flow. In this case, the drain pipes have 
5 be cleared periodically. Most important is the high initial cost of pipe 
I’ainage system which must be considered carefully before this is adopted. 
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EXPERIMENTAL RESULTS 

Drainage ol taadi having roiling topograirfiy and fed by seepage flow 

This project area covered about 25.52 ha under improved drainage. The 
tea was about 25 years old. The soil belonged to loamy-sand texture with 
very bouldery subsoil. The effective rootzone was found to be within 45 cm. 
The area was poorly shaded. The weed control was fairly satisfactory. 

The data on crop yield showed that the yields from project area were 
following a declining trend since 1981. The yield was only 2522, 2293 and 
1825 k{^ha in 1981, 1982 and 1983 respectively. The drainage project was 
started only in 1984. 

One of the most important factors responsible for low yield and for the 
declining trend of yield, was found to be the rootzone waterlogging. The 
major source of excess water was subsurface seepage flow. The data on 
water table showed that the flat top portion of the ridges normally does not 
suffer from waterlogging (Fig. 5.3). The water table there fluctuated between 
90 and 120 cm depth below ground level excepting a few times and that too 
only for a short duration. On the other hand, the water table on the two 
sloping sides of the ridges was. found to be fluctuating between 20 and 90 
cm. depth below ground. The results indicated that under normal circumstances 
there will be no need to provide deep and intensive drainage system on the 
top flat portions of the ridges. But the sloping sides will undoubtedly demand 
for an intensive drainage system. This is contrary to common belief that slo- 
ping sides are self drained and do not require drainage. 

The data recorded on rainfall, % area under LP and crop yield in kg/ha 
made tea for the year 1980 to 1985 have been presented in Table 5.4. 
Though 1983 was the pre-drainage year but 1982 was taken as a base year 
for crop comparisons since 1982 and 1985 have been the LS year and 1983 
was LP year. 


Table 5.4. Crop yields as influenced by drainage in lands 
with rolling topography 


Year 

Pruning 

Rainfall, mm 

Yield, kg/ha 

% iricrease in 
yield over 1982 

1985 

LS 

5019 

2612 

+13.9 

1984 

UP 

5174 

2920 

+27.3 

1983* 

LP 

5349 

1825 

-20.4 

1982> 

LS 

4839 

2293 

- 

1981 

LS 

5092 

2522 

- 

1980 

DS 

6485 

1740 



* Pre-drainage year 

■t- Base year for comparison of yields 
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The data showed an increase of 13.9 and 27.3% in yield in 1985 and 
1984 respectively over that of 1982. 

The other management practices and inputs were kept more or less the 
same as before. 

Drainage of sandy loam soils having flat topography and 
affected by naturally high groundwater table 

A drainage project covering about 48 ha of land under tea was started i 
in 1984. The soil of project area belongs to medium texture i.e. sandy loam 
type. The major source of excess water causing waterlogging has been identi- 
fied as local rainfall. The area suffers from a naturally high groundwater 
table throughout the rainy season and is also prone to surface floods due to 
backflow from the river. 

A relief drainage system was designed having 105 cm deep laterals at 
30 m spacing in gridiron pattern. 

The W.T. data plotted in Fig. 5.4 show that the scientifically designed 
drainage system could effectively control the groundwater table below the 
desired 90 cm level throughout the period of observation whereas in conven- 
tionally drained area, the water table remained in the rootzone all through- 
out this period and was found to be as close as 40 cm to the ground sur- 
face. 


The data on crop yield (made tea, kg/ha), % area under LP, and rain- 
fall are presented in Table 5.5. Though 1983 was the pre-drainage year but 
1982 has been taken as the base year for all comparative studies since the 
area under LP was exactly same i.e. 23.65% in 1982 and 1985. The data 
show an Increase of 30.7 and 31.6% In 1984 and 1985 respectively over the 
base year (1982) yields. There was a net increase of 8.51 Q/ha in the yield 
of 1985 over that of 1982 inspite of the fact that the project area was 
badly affected by surface flood from a close by river in 1985 and also 
received 480 mm more rainfall than in 1982. 


Table 5.5 Effect of improved drainage on yields of tea planted In 
deep sandy loam soil with flat topography (project area 48 ha). 


Year 

Rainfall 

mm 

% area under 
LP 

Yield made 
tea, kg/ha 

% increase Remarks 
in yield 
over 1982 

1985 

1984 

1983* 

1982+ 

1981 

4384 

4824 

4043 

3904 

2727 

23.65 

Nil 

76.35 

23.65 

Nil 

3549 

3527 

2170 

2698 

2659 

+31.6 

+30.7 

-19.6 

The tea 
in project 
area suf- 
fered from 
flood in 1985 

’*'Pre-drainage year — — 


♦ 1982„ taken as the base year for data comparison 



RAINFAI.I<, MM DEPTH OF W.T. BELOW 


Drainage of aUty toam soils havliig Hat topography and 
affected by subsurface seepage flow k* / 

A drainage project was started in 1983 coverlne 118 ha of a 

old mature teas. The soil of the project area belong! to slUy iLL JextJJ? 
The subsoil was denser and compacted. The major source of excesl waS 
causing waterlogging was subsurface seepage flow combined with local rain- 
fdll* 

The water table profiles as observed in experimental and control plots 
during a typical rainstorm in July 1985 have clearly shown that the Improved 
drainage system could very effectively control the water table below the 
optimum rootzone depth i.e. 90 cm throughout the rainstorm whereas in con- 
ventionally drained area, the water table remained in the rootzone all 
throughout this period. The water table was found to rise as close as 26 cm 
to the ground level in conventionally drained area (Fig. 5.5). 


GROUND SURFACE 



PIG, 5.4. WATERTABLE PROFILES IN EXPERIMENTAL AND- 
CONTROL PLOTS AS OBSERVED FOR A TYPICAL 
RAINSTORM 



fig: 5.5. WATER TABLE PROFILE IN 
EXPERIMENTAL AND CONTROL PLOT FOR 
A TYPICAL RAINSTORM DURING JULY 1985 
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The data on crop yields (made tea, kg/ha), % area under LP and rain- 
fall are presented in Table 5.6. The data show that the yields of 1981 and 
1982 were more or less the same i.e. 1227 and 1223 kg/ha respectively ins- 
plte of 8% less area under LP In 1982. The drainage project was started in 
1983. In the first year itself, the Increase in yield was recorded to be 200 
kg/ha over that of 1982 yields inspite of 16.3% more area brought under LP 
in 1983. The increase in yield over 1982 has been 16.7, 42.2 and 43% in 
1983, 1984 and 1985 rspectively. In 1983 (first year of drainage project) and 
In 1985 (3rd year of project), the area under LP had been exactly same i.e. 
29.7% of the total. The rainfall of 1985 has been 1662 mm less than that 
of 1983 and 1128 mm less than that of 1984. Even then the yields of 1985 
have been 322 kg/ha more than that of 1983. A total increase of 5.20 Q/ha 
has been recorded in 1985 over the predrainage year, 1982 

Table 5.6. Crop yields as affected by Improved drainage in flat lands. 

Project area - 138 ha 


Year 

% area under 
LP 

Rainfall, 

mm 

Yield, kg/ha 

% increase 
in crop 
over 1982 

Remarks 

1985 

29.7 

2213 

1749 

43.0 

In 1985 there 

1984 

47.3 

3341 

1739 

42.2 

was a severe 

1983 

29.7 

3875 

1427 

16.7 

infestation of 

1982* 

13.4 

2865 

1223 

- 

Red slug during 

1981 

21.4 

3156 

1227 

- 

first and second 






flush period. 

Pre-drainage year 


It will be worth mentioning here that the tea in project area was seve- 
rely damaged due to heavy infestation of red slug during first and second 
flush period in 1985 otherwise the yields could be further higher. 

Drainage of flat lands affected by rainfall 

A large scale drainage project covering about 555 ha of area was star- 
ted in 1984. The soil of project area belongs to sandy loam texture. It is 
quite deep and homogenous in nature. The subsoil is relatively denser, grey 
in colour and a bit compacted. The major source of excess water causing 
waterlogging is identified as local rainfall which is very Intensive at timesi 
Some portions of the project area, however, also suffer from spring flow. 

The project area was provided with a drainage system comprising of 
150 cm deep main drains, 120 cm deep submain drains and 105 cm deep 
laterals in herringbone pattern at a spacing of 30 m ± 3 m. 

The crop yield data (made tea, kg/ha), % of area under LP and rainfall 
(mm) for the period 1981 to 1985 are presented in Table 5.7. The data show 
that there was declining trend in yield for the pre-drainage period of 1981 
to 1983 inspite of much reduced area under LP every following year. The 
yield of 1981, 1982 and 1983 was 2000, 1993 and 1968 kg/ha respectively. 
The waterlogging was identified as one of the major constraints responsible 
for low production. 
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The yield data recorded from the drainage project area showed an 
increase of 1!.2 and 21.7% in 1984 and 1985 respectively over that of 1983. 
The increase of 2.20 Q/ha and 4.26 Q/ha in 1984 and 1985 respectively has 
been inspite of 721 and 104 mm more rainfall received in 1984 and 1985 res- 
pectively than in 1982. The garden adopted a much finer plucking standard 
(8-9 days round) in 1985 as compared to previous years (10-12 days). The 
other management practices and inputs were maintained more or less the 
same as before. 

Table 5.7, Effect of improved drainage in flat sandy loam soils affected by 
heavy rainfall. Project area 555 ha 


Year 

Rainfall, mm 

% area under 
LP 

Yield made 
tea kg/ha 

% increase in 
yield over 1983 

1985 

4082 

29.0 

2394 

+21.7 

1984 

4699 

27.3 

2188 

-^11.2 

1983* 

3978 

22.0 

1968 

- 

1982 

3209 

26.3 

1993 

- 

1981 

3888 

28.2 

2040 

- 


* Pre-drainage year 


Ill-effects of ignored drainage system installed in 
shallow sandy loam soils having flat topography 

A drainage project covering about 114 ha area with flat topography 
having old mature tea was Initiated in 1981. The water table data showed 
a build up of high water table during rainy season which fluctuated between 
20 and 45 cm depths below the ground surface. Due to this reason, the roo- 
ting system was very shallow and inadequate in volume. 

The data on crop yields, % area under LP and rainfall for the period 
1981 to 1985 have been presented in Table 5.8. The drains in the experimen- 
tal area worked quite satisfactorily upto 1983. During this period an increase 
of 34.4 in 1982 and 36.7 in 1983 was recorded over the base year (1980). An 
increase of 4.48 Q/ha in 1982 could be possible inspite of the fact that no 
manuring could be done in the garden that year due to financial difficulties. 

Unfortunately, after 1983, the garden could not look after and maintain 
the drainage system in experimental area. As a result, the drains got sil- 
ted up and badly infested with weeds. The culverts got choked and the out- 
lets were blocked by bust! people for lifting water for irrigation and for 
fishing. Though other crop management practices were more or less the same 
as before, the yields of 1984 and 1985 showed a decline. A decrease of 65 
kg/ha in 1984 and a further decrease of 86 kg/ha in 1985 as compared to 
1983 yields Is recorded; the yields of 1985 have been 1.51 Q/ha less than 
that of 1983. It is believed that the drop In yield has been mainly due to 
inadequate maintenance of drainage system. 
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Table 5.8. Ill-effect of an Ignored drainage system on crop yields 

Project area-114 ha. 


Year 

Total rainfall 
mm 

% area under 
LP 

Yield, made 
tea kg/ha 

Increase in crop 
over 1980(Ba8e year) 

1985 

3516 

37.50 

1630 

25.0 

1984 

3542 

17.82 

1716 

31.7 

1983 

4054 


1781 

36.7 

1982 

2596 


1751 

34.4 

1981* 

3452 


1568 

20.3 

1980* 

3392 

27.09 

1303 

■ 


* Pre-drainage year 

* Base year 


Exercise 

Determine the size of main outlet 

Drainage area (A) > 

Drainage coefficient (DC) = 

Permissible velocity of fiow = 

in the drain (v) 

Drain side slope (z) = 

Designed depth of flow in the = 

drain (d) 


drain for the conditions given below: 
100 Ha 

25 mm per day 
60 cm/sec 

0.25 : 1 
50 cm 


Solution 

Discharge (Q) = DC x A 

0 = -25 „ 100 X 10,000 

1000 X 24 X 60 X 60 

.*. Q = 0.29 cum/sec 

Now: Q = V. a 

0.29 s 0.6 X a 

• ^ 90 

. . Cross-sectional area of drain (a) =——= 0.48 sq.m. 

0*60 

For trapezoidal drains : a = bd ■*• zd^ 

0.48 » 0.5b + 0.25 x 0.50^ 


. . Bottom width of the drain (b) = 0.835 m 


Wetted Perimeter of the drain (P) 


= b + 2d (z2 + i)i 
= 0.835 + 2 X 0.5 (0.25* + 1)’ 

= 1.866 m 
a 

a — 

P 

0.48 

= = 0.26 m 

1.866 

= - 0.52 

n ® 

' '5!o 4 (0-26)°-^®^^*52(n.0.04) 

= 0.059 

= 3.47 X 10"^ 

= 0.35 % 
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hraiNAGE of steep lands - DARJEELING 
drainage ur uj^deR TEA 

0 

Bhupal Singh 

Dept, of Soil & Water Management 

1 OCKidl 


Introduction ^ 

Darjeeling and Cachar belong to an altogether different physical and 
climatic region than most of the areas under tea plantation in India. These 
differences dictate the type of soil and water rnanagement practices for 
increased production of high quality tea and sustained high yields. According 
to basic principles of soil conservation, the lands with slopes steeper than 
45% must not be opened for cultivation and should be kept under adequate 
forest and vegetative cover. It is an exception in the world that Darjeeling 
hills with slopes steeper than 45% are under tea plantation. The soil and 
water management, therefore, become extremely important in Darjeeling 
hills and Cachar teelahs. 

Climate 

There are 9 valleys in Darjeeling. The intensity and distribution of rain- 
fall varies considerably from valley to valley. It varies from as low as 1500 
mm to as high as 4100 mm with an average of about 3000 mm per year. 
Rain storms of intensity as high as 100 mm in an hour, 350 mni in 9 hours, 
950 mm in 48 hours, and 1550 mm in four continuous days have also been 
recorded at our meteorological observatory in Darjeeling. The data analysis 
further indicates that about 96% of the total annual rainfall is received 
during the period April to October (7 months). 

Soil 


The soil, by and large, belongs to fine to medium texture. The typical 
Darjeeling soils are chocolate coloured loam and silty loam type. The soils 
are fairly uniform but shallow in depth. The top soil is about 45 cm deep 
and the subsoil has stones and big rocks underneath. The infiltration rates 
are rather low l.e. 6 to 10 mmAiour. The soils are acidic in nature and have 
high silica content. 

Topography 

Darjeeling has rather difficult topography of varied nature. The land 
slopes vary from nearly flat (plateau) to as steep as 275% (70“) or even 
more. In some areas, the land has highly undulating and rolling topography. 
Tea is grown on the sides of the valley (slope varying from 20 to 300%) and 
on peaks as high as 2000 metres above m.s.l. 
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SOIL EROSION 

Factors affecttog soli managem«it 

The factors such as climate, steep slope, stoniness, unfavourable soil 
texture and structure greatly Influence the soil management practices In tea 
estates of Darjeeling. Improper watershed management, overgrazing large 
scale defor^tation at a high rate have made the soil management problem 
very difficult. The land slide and sinking have also been a serious problem of 
this region. 

Problem of soli meslon 


Most of the tea in Darjeeling has been planted on steep hill slopes and 
spurs of ridges. This poses the soil erosion problem of special nature and 
magnitude. It has been ^timated from the available records that in the last 
100 years, more than aoolmm of fertile top soil has been lost through soil 
erosion by water in Darjeeling which is a very high rate. Now, there are 
several hill slopes left with only very little top soil. 

S(ril oonaervatlon measures 

In most of the areas, tea Is planted on narrow base level terraces. The 
vertical side of the terraces is generally protected against slip and erosion 
by way of providing stone retention walls. This old technique of soil conser- 
vation has proved to be useful in conserving soil only to a very little extent. 

Since their design is difficult, construction and maintenance is expensive 
and laborious and since they occupy about 25 to 50% of the land which 
ptherwise could have been brought under tea plantation, the terracing does 
not appear to be a practical solution any longer. The tea estates like to 
break tfie old terraces to get more land available for planting tea to 
incre,ase production. This, however, may further enhance the problem of 
soil erosion. If adequate care is not taken. 

It is perhaps worth stressing the need for constructive nature of soli 
management. The soil conservation policies must be positive and encouraging, 
not restrictive. There is no point In preserving soil and not using it - the 
demand of the time is to use the soil as efficiently as possible without 
waste. 



Naturally, close growing crops like grasses will tend to cover and pro- 
tect the soil and the row crops will tend to give less protection, but these 
general trends can, .be> , 0 (Mi|ple|ely reversed by manageinent practices 
folIowesL Itie pu^^d reveals the fact that a' well-managed, 

build-up the soil, and that a 
maimj^d pastw^ rdd the productivity where there are serious 
jplaat'^trlH^^ In fact, erosion depends not on what crop 
So we may continue growing tea in 
techniques for ero- 

' t , ' ' C the main drains naturally run down 

from serious erosion problems, 
jivdarging tp/fizo prith time and soon become big gullies. There 
.great need ticLStbp ftvtlier erosion in the main drains by way of suitable 
soil poniervation structures. 



S(^l cooaervation techniques for tea soils 

(1) Minimum tillage and soil disturbance. 

(2) Development of adequate grass cover in the area before uprooting 
old teas and during the period of soil rehabilitation. 

(3) Planting of tea along the graded contours at close spacings. 

(4) Adequate mulching with suitable material in newly planted areas. 

(5) Strip chemical weed control across the main slope of the land. Use 
sub-lethal dose of weedicide which will supress the active growth 
of the weeds but will not totally kill them. 

(6) Planting of deep rooted quick growing suitable grasses in all the 
vacant patches of land and then to Infill the area in phases with 
suitable tea planting material. 

(7) Immediately after the terraces are leveled, the area must be 
covered with a thick layer of suitable mulching material and 
infilled with tea plants. 

(8) Retaining the pruning litter on the surface as much as possible. 

(9) Provision for a net work of well designed runoff drains installed 
across the main slope for effective collection and removal of sur- 
face runoff. They can be 30 cm wide, 45 cm deep and spaced 10 
to 15 m apart. 

(10) Provision for well designed and rightly located deep interceptor 
drains for control of groundwater table below the rootzone. They 
should be minimum 150 cm deep and installed across the main 
slope. 

(11) Use of suitable soil conditioners. 

' (12) Establishing permanent vegetation in waterways and other eroded 
areas. 

(13) Construct suitable soil conservation structures to stabilize the gully 
erosion. 

(14) Development of artificial water courses to lead away the surface 
runoff safely e.g. grass waterways, sod waterways. They will run 
straight down the steepest slope of the land. 

(15) Construction of well designed suitable soil conservation structures 
at all such locations where soil section is relatively more unstable 
and susceptable to land slide or cave-in. 

In general, one or a combination of several techniques mentioned above 
will need to be followed for better results. It is expected that adequate soil 
conservation measure in Darjeeling will result in about 25% Increase lii crop 
yleld'Ti.e. about 32,00,000kg of tea). This will also make about 25 to 50% 
more plantable land available within the existing tea areas (i.e. about 4900 
to 10,000 ha). 



Drainage 

Factors affecting water management 

The influence of high rainfall, steep slopes and the complex nature of 
the underlying rocks results in drainage problems of a special nature. High 
rainfall on fine-textured soils results in soils of low permeability which 
become susceptible to compaction, surface capping and chemical and cultiva- 
tion pans. These soils often develop structureless layers at some depths. It 
makes natural drainage of sub-soil excess water very difficult. 

On the other hand, due to reduced rate of infiltration, more water 
flows on the surface as runoff and causes excessive loss of fertile top soU. 
The soil strata of differing permeabilities give rise to springs along their 
outcrops, some of which can be merely seasonal whilst others may flow 
throughout the year. A spring or springline often adversely affects a consi- 
derable area under tea in Darjeeling. 

Need for drainage 

The seepage flow at shallow depths causes serious water-logging in the 
rootzone that decays tea roots and restricts the uptake of essential nutrients 
required for optimum growth of tea. The seepage flow under hydrostatic 
pressure causes land slide and land sinking problem at places. The provision 
of well designed interception drainage system will undoubtedly reduce these 
problems. Large scale investigation work on groundwater table taken up in 
Darjeeling hills during the period 1982 to 1984 has clearly shown the pre- 
sence of water table very close to the ground surface irrespective of land 
slope and altitude. It has been observed that the water table fluctuates 
between 20 to 75 cm depth below ground level throughout the year. The 
rainfall received locally had very little or no effect at all on water table. 
This confirms that the local rainfall is not the major source of excess water 
causing high water table rather it is subsurface seepage flow from adjacent 
high lands. The degree of fluctuation of water table mainly depended on 
quantum and rate of seepage flow and the soil properties. It is the non- 
steady state condition of groundwater table which is adding to the problem 
of land slide, soil erosion and land sinking at places. 

Situations for interceptor (Fig. 6.1) 

It has been observed that on the sloping lands, groundwater usually 
flows through a pervious upper layer underlying an impervious base. This 
groundwater flow, often called interflow, causes vaterlogging at sites: 

(a) where the slope of the land changes from steep to flat, 

(b) where impervious layer exists at shallow depths, 

(c) where groundwater may rise to the surface at the foot of a slope, 
and 

(d) at the contact of pervious top layer and poorly pervious sub-soil 
layers outcropping alongside the slope. 
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(a) 



(a) SEEPAGE WHERE SLOPE CHANGES FROM STEEP TO FLAT 

(b) SEEPAGE WHERE IMPERVIOUS LAYER EXISTS AT SHALLOW DEPTH 

(c) SEEPAGE AT THE FOOT OF A SLOPE 

W) SEEPAGE WHERE PERVIOUS TOP LAYER & IMPERVIOUS SUBSOIL LAYERS 
OUTCROP ALONG SIDE THE SLOPE 

FIG. 6.1. SITUATIONS FOR INTERCEPTOR DRAINS 

Field investlgatioa 

(1) Delimitation of the waterlogged area by field inspection. 

(2) Determination of the nature (phreatic, artesian) and direction of 
groundwater flow. 

(3) Determination of the lateral extension, thickness, slope and hydrau- 
lic conductivity of the water bearing strata. 

(4) Water table and hydraulic head measurements. 

(5) Depth to impervious layer. 

Interceptor drainage system 

1. Type of die system 

Interceptor drain is planned as a single random drain in some sections 
of land and also as a series of parallel drains. 

2. Drain dqith 

The objective remains that the interceptor drain should be placed as 
deep as it is practical to install in a given situation. They are made at least 
150 cm deep. It is preferred that they are dug to the impervious layer so 
as to intercept the maximum amount of seepage flow. 

3i. Drain ^pe 

In Darjeeling lands with steep slopes, open drain is considered to be 
more effective than a pipe drain due to a bridging-over effect in pipe 
drains. 



4. Drain spacing 

The interceptor drains are effective for a considerable distance down- 
slope from the drain but the upslope effect is very small and is ignored. In 
many instances, it is found that a single interceptor has proved to be ade- 
quate for a iarge area. Since it is very difficult to estimate the spacing of 
interceptor drains, to avoid uncertainities, it is considered feasible to install 
the system progressively. This is accomplished by digging the first drain to 
protect the higher portion of the wet area and then other drains are dug 
after evaluating the effect of the first one. 

5. Location of drain (Fig. 6.2) 

The location of interceptor drains considered as most appropriate in 
four situations quite commoniy observed in Darjeeling are as follows: 





FIG. 6.2. LOCATION OF INTERCEPTOR DRAINS 

(a) Abrupt change in topibip’aphy 

Abrupt change in siope from steep to fiat causes a rise in water table 
at the base of the slope or a terrace. The corrective measure In this Case 
Is to lower the water table by an interceptor drain installed at the base of 
the hill land or at the base of a higher terrace. 

(b) More permeable soil lajrer sandwidied' between poorly pervious layers 

In some situations, a permeable layer outcrops and causes a seep affec- 
ting a considerable area below. This occurs when soil is highly stratified. The 
permeable layer carries a considerable groundwater with a hydraulic grade 
line that intercepts the ground surface at some point in the outcrop area 
causing a natural seep. Interceptor dtain is located at the base Sf the per- 
meable material to collect the flow from the aquifer. 



(c) Impo^ous Ia]rer close to ground 

At points, the impervious layer rises close to the ground surface under 
natural conditions. It causes the hydraulic grade line or water table to rise 
close to the ground surface. An Interceptor drain is located just upslope from 
the barrier. 

(d) Permeable strata under hydrostatic inressure 

A high water table is also caused by seepage under hydrostatic pressure 
in a pervious strata located below a less pervious strata. The presence of 
hydrostatic pressure is detected by piezometric studies in the seepy area. In 
case, the upper less pervious strata is so thick that digging of a drain to the 
required depth is not found feasible, the installation of drain with relief 
wells is considered useful provided that the effective head is more than 150 
cm. 

6. Drawdown 

Where all the flow originates from foreign source upslope. 

Boundary conditions (Fig. 6.3) 

Soil is homogeneous, slope is uniform, D-F assumption Is valid, the 
impervious layer exists at certain depth below the drain, the impervious 
layer and the initial water table have a slope 's' with the horizontal base 
line. 



FIG. 6.3 DRAINAGE OF SLOPING LAND WITH ALL THE FLOW (»tIGINATING 
FROM FOREIGN SOURCE UPSLOPE 

(a) Drawdown upslope 

down uJwllSe simplified form is found useful to calculate draw- 




in which, 

X= the distance in metres upslope where the drawdown curve approa- 
ches significant tangency with the original water table level, 

H= the thickness of horizontal flow of soil water being intercepted, 

s = the slope (m/m) of original water table surface. 

(b) Drawdown downsltqie 

It, more or less, equals the height of water in the drain provided the 
radial resistance is negligible. 

(c) Drain discharge 

To calculate the discharge of the interceptor drain, the following equa- 
tion is used: 


in which, 

Qa discharge of an interceptor drain per unit width (m^/day), 

H= thickness of horizontal flow of water upslope being intercepted (m), 

h= water table height above impervious layer downside of the drain 

(m), 

q^= flow rate per unit width from upslope (m^/day). 

7. Water table control 

In areas, where water table was recorded to be fluctuating between 30 
and 45 cm depth below ground level throughout the year before drainage, a 
systematically designed interceptor drainage system was installed to control 
the water table below the root-zone of tea. The design details of the system 
are as follows: 


Drain type 
Shape 
Av. depth 
Top width 
Bottom width 
Av. bed gradient 
Location 


Drain spacing 


Open drain 
Half trapezium 
150 cm 

120 to 150 cm 
30 to 45 cm 
2 % 

Interceptor drain was placed at about the 
upper boundary of the wet area to collect 
lateral flow coming from known source up- 
slope, thus preventing it from reaching the 
lower area. 

60 to 100 m depending upon specific con- 
ditions of an area. 



The water table data (Fig.6.4) collected from drainage project sites 
during 1983 and 1984 have been very encouraging. The data show^that the 
interceptor drainage system has successfully controlled the water table below 
90 cm line (rootzone depth of tea) from the ground surface. The water table 
was observed to be fluctuating between 90 and 150 cm depth below ground 
level in the experimental area, Fig. 6.4. Since the drainage system was ins- 
talled, no land slide has been observed in the area. Tea bushes have shown 
remarkable improvement in their health and vigour. The effect of this geo- 
morphic change in the productivity of tea is being assessed. 

The results from several preliminary experiments being conducted in 
Darjeeling hill slopes indicated that the productivity of mature tea can be 
increased by a minimal of 15% provided other tea management practices are 
maintained at their optima apart from reduced problem of land slide, sinking 
and soil erosion. The experiments on drainage are in progress in several 
different valleys of Darjeeling hills. 




ExerdM 

A homogeneous, uniformly sloping. 500 m wide plain has a slope of 10% 
The hydraulic conductivity of its 5m thick water bearing layer is 2 0 m/day 
The plain Is waterlogged because of a lateral flow of foreign groundwater 
from adjacent upslope land. The initial depth of water table before drainage 
is 0.25 m. Open interceptor drain is to be installed to control the water 
table at 0.90 m below ground level; 


(1) Find out the discharge of interceptor drain. 

(2) Find out the depth of water level in the drain below ground level. 

(3) Find out the depth of interceptor drain (Depth of flow = 2.5mm). 

(4) Determine the X-section of the drain and bed grade for n=0.018, 
and maximum permissible velocity of flow 35 cm/sec. 

Solution 

Given: 

K = 2.0 m/day, H = 5.0 - 0.25 = 4.75 m, tan a = 0.1, 
hj = 5.0 - 0.90 = 4.10 m 

qj =K.H. tan a 

= 2.0 X 4.75 X 0.1 

= 0.95 m^/day 

“K.hj. tan a = 2.0 x 4.10 x 0.1 = 0.820 mVday 


1. Discharge of interceptor drain 

Q = q^ - q^ = 0.950 - 0.820 = 0.13 m^/day 
Length of drain = 500 m (width of plain) 

Qrj? 0.13 X 500 = 65 cu.m/day = 0.75 1/sec 


2. Drawdown of the W.T. at the drain = H - h^ 


H 


- -h. 


H.Q _ 4.75 X 0.13 
q^ “ 0.95 . 


0.65 m 


. . The water level in the open Interceptor drain 
= 0.65 + 0.25 = 0.90 m below G.L. 


3. Total depth of interceptor drain 

= 0.90 + 0.025 (depth of flow) 

« 0.925 m 
say = 95 cm 

4. X-sectional area of Interceptor drain - 
Assume, shape : trapezoidal & side slope : 0.25 : 

Given 

Given n = 0.018, V ■ 0.35 m/sec, d ■ 0.025 m 
(ij. - a V 


.*. z = 0.25 


105 



a ^ 65 

V 24 X 60 X 60 X 0.35 
a a bd + zd* 


0.00215 a b X 0.025 + (0.025)* 


0.00215 m* 


b a 8.6 cm say 9 cm 
V . Kn. (Km .i. ^ 


& R a -2., 

P 


0.00215 
0.14 * 


0.015) 


55) 


0.35 a 55 X 0.015*^* 
. s a 1% 


Size of Interceptor drain 

Top width 
Bottom width 
Depth 
Side slope 
Bed grade 
Depth of fiow 


= 56.5 cm 
= 9.0 cm 
= 95 cm 
= 0.25 : 1 
= 1 % 
a 2.5 cm 
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Introduction 

There are some common devices like observation wells, piezometers, 
water level recorders, tensiometers, v - notch, raingauge etc. which are 
very much useful in drainage investigation, planning and monitoring. The 
correct way of installation and proper use of these instruments is essential 
to get correct information on various input data for drain design. The me- 
thods of installation and use of some important instruments in water 
management research and development projects are discussed here. 

1. Observation wells (Fig. 7.1) 

1.1 Introduction 

The water table survey is an important part of any drainage investiga- 
tion. Observation wells are installed to determine the position of water table 
at different points in the problem area. Observation wells are also used to 
determine the extent and degree of severity of the problem. Poor crop pro- 
duction and marshy areas are usually visible evidences of waterlogging. Yet, 
it is the observation well which gives positive data on the position and fluc- 
tuation of the water table. Observation wells usually reflect the free water 
surface at equilibrium with atmospheric pressure. 

1.2 Installation 

For observation well, a hole is made with a post-hole auger. The depth 
of the hole should be such that fluctuation can be measured at least during 
April to October. This depth is usually 2 to 2.50 m from the ground surface. 
After digging the hole, about 15 cm of the hole is fllled-up with pea gravel. 
Then the PVC tube with the filter at one end is inserted into the hole. The 
pea gravel is added to fill up the space around the tube to a depth of about 
50 cm from the ground surface. Then the remaining depth is filled up with 
dry soil. The observation well is protected with a cement concrete structure 
around it. 

1.3 Observation recording 

The water table reading is taken dally with the help of a plopper or 
water level recorder. The data are corrected to read water table depth with 
respect to ground elevation at that point. The data are then used to plot 
water table contour maps, isobaths and to study the fluctuation of water 
table with respect to rainfall. 
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1.4 9te for installation 

The number of observation wells to be Installed varies with the size 
and the topography of the area. For a small watershed the observation well 
should preferably be Installed at a grid spacing of 20 m. 



FIG. 7.1 AUGERHOLE, OBSERVATION WELL AND PIEZOMETER 

2. Piezometers (Fig. 7.1) 

2.1 Introduction 

One of the most useful tools to employ In drainage investigation of any 
type is the piezometer. It is a small diameter pipe driven or jetted into the 
soil so that all entrance of water Into the pipe is from the bottom. The 
observation well reflects the water table, whereas, the piezometer is design- 
ed and installed to indicate the hydraulic head or soil water pressure at the 
bottom end of the piezometer. Underground water moves from a point of 
high hydraulic head to one of the low hydraulic head. Therefore, by instal- 
ling piezometers at various depths and locations, the measurement of hydrau- 
lic head can indicate the direction of movement of water. 

With sets of piezometers terminated at various depths and spacings, the 
hydraulic head variations of the entire profile may be depicted and seepage 
movement can be determined. When a piezometer is installed in the centre 
of a drain, the water level inside the piezometer pipe may or may not be 
at the same elevation as the water level in the drain. If the water level is 
higher in the piezometer than in the drain, the indications are that there is 
upward seepage from the lower soil layer into the drains. If the waterlevel 
in the piezometer is lower than that in the drain, there is downward seepage 
from the upper layer and if they are at the same elevation there is no ver- 
tical or downward movement. 
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2.2 Installatton 

A small diameter (about 2 cm), PVC, rigid pipe, open at both the ends, 
should be driven or jetted Into the soil so that it is tightly fitted with the 
soil outside. There should not be any leakage between the pipe and the soil. 
This can be done with a screw type auger whose external diameter is equal 
to the internal diameter of the pipe. By putting the auger inside the pipe 
and removing the soil, the pipe can be pushed into the soil. 

2.3 Taking reading 

The measurements are often taken with an electronic recorder or with 
a plopper. 

3. Wato- level recwders (Fig. 7.2) 

Water level recorder is an instrument for permanently recording the 
varying levels of water surface. Among other uses, flow data may be obtain- 
ed by use with weirs and parshall flumes or other water measuring struc- 
tures. 

The rise and fall of the float with changing water levels turns a drum 
proportionally, as clock controlled pen moves across the chart at constant 
speed. Resulting graph shows water levels against record of time. 

The period of recording may vary from 4 hours to 32 days depending 
upon chart, gearing and type of clock drive. 
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4 . Tensiometers (Fig. 7.3) 

4.1 Introduction 

The tensiometer consists of a porous cup, generally of ceramic mate- 
rial, connected through a tube to a manometer, which Is generally a vacuum 
gauge, with all parts filled with water. When the cup Is placed in the soil 
where the suction measurement Is to be made, the water inside the cup 
comes In hydraulic contact and tends to equilibrate with soil water. When 
initially placed In the soil, the water in the tensiometer is generally at 
atmospheric pressure. Soil water being at sub-atmospheric pressure exercises 
a suction which draws out a certain amount of water from the tensiometer 
causing a drop in its hydraulic pressure. This pressure ia indicated In the 
vacuum gauge. 

As soil moisture is depleted by drainage or evapotranspiration or it is 
replenished by rainfall or irrigation, the corresponding readings are indicated 
by the tensiometer pressure gauge. 

Suction measurement by tensiometer Hs limited to a maximum value of 
1 atmosphere. This is because a suction equivalent to 0.85 atmosphere may 
cause air entry into the cup, which would equalise the internal pressure to 
the atmospheric pressure. 

The general practice Is to place tensiometer at a depth of 90 cm re- 
presenting the root zone of tea plant and to irrigate when the tensiometer 
Indicates that the suction has reached some prescribed value i.e. 0.50 to 
0.60. 



FIG. 7.3 TENSIOMETER 


no 



4.2 Standardisation 

Boll some distilled water and allow It to cool in a completely filled and 
tightly stoppered bottle. This process drives away any dissolved ^alr present 
in the water. Fill the tensiometer upto the brim with this de-aerated cool 
water and then close the open end of the tube firmly with the help of the 
rubber stopper. Keep the tensiometer in a vertical position with the gauge- 
end upward for 3 to 4 hours so as to develop some tension in the system. 
When the gauge shows a value of 0.50 - 0.60 atmospheric tension, open the 
rubber stopper aria refill the tensiometer body upto the brim with de-aerated 
water and then again close the system with rubber stopper. This double pri- 
ming of the instrument ensures the removal of air bubbles entrapped within 
the tensiometer body and thus correct tension values are obtained. While 
fixing the rubber stopper on the tensiometer body, one ishould be careful to 
see that no air bubble is entrapped between the water meniscus and the 
rubber stopper. Keep again the tensiometer in a vertical position with the 
gauge-end upward for a few hours till the gauge shows tension value between 
0.80 and 0.85 atmosphere. This, in other words, indicates the air entry or 
leak value of the ceramic cup of the Instrument and also tells about the 
higher limit of soil moisture tension, the instrument will faithfully read. Now 
dip the ceramic cup of the tensiometer in about 5 cm deep water in a 
bucket while keeping the Instrument in a vertical position. The gauge pointer 
should indicate 'zero’ within 30 tb 60 minutes. Keep the tensiometer cup 
immersed in water till the instrument is installed in the field. 


4.3 Installatitm 

When installing the tensiometer, it is important that good contact be 
made between the cup and the soil so that approach to equilibrium is not 
hindered by contact impedence. It is always better to have a hollow tube 
slightly smaller than the tensiometer diameter with a cutting edge on one 
end, to make the hole. Then the tensiometer should be pushed slowly into 
the hole. The gap around the tensiometer hole may be filled with powdered 
soil. If the hole Is made by an auger larger than the diameter of the ten- 
siometer, the compaction of the soil after putting the tensiometer should be 
done very carefully so that the compaction becomes almost natural to the 
surrounding soil. 

It is desirable to place the tensiometer cup within the zone of maxi- 
mum root activity so that it will be most sensitive to any change in soil 
moisture. The depth of the porous cup is best taken as the distance from 
the centre of the cup to the surface of the soil. 

4.4 Calibration 

A tensiometer is calibrated against moisture percentage by installing 
it In the field and then recording tension readings ^nd soil moisture content 
by the gravimetric method. 

45 Cboioe nS site 

When choosing the site, it is important to select a position that is 
representative of the whole area which it is desired to cover. 



5. soil tfcormomoeer (Fig. 7.4} 

*■' 5r^..ure or the eoU layers Is of particular Importance In plant 

‘”*‘r.ur:r: .ounn . 
iTpa-^s ^wtrsio-r 

ture is maximum at the surface. It decreases y y at noon while 

The maximum temperature of the ^-nal variation of 

for deeoer layers it occurs in the afternoon. While the duirn „ 

soil temperature is negligible at a depth at ?nuch grea- 

seasonal variation of soil temperature becomes negligible only 8 

ter depth. 

5.2 Description of the soil thennometers 

The type of thermometer used for this "le^surement ^ shown in Fig. 
7.4. AB is the Instrument where B is the bulb end. The portion CB is embe 

dded in the soil while the portion AC constitutes the graduated^^^^ 

instrument which is supported on an 

zontally in the soil and the stand is inclined at an angle of 120 with the 
ground^surface thus facilitating the reading of the temperature without any 
strain to the observer. 



FIG. 7.4 SOIL THERMOMETER 

5.3 Range 

The range of the thermometers now manufactured in India is -20 to 
65®C. The depths at which the temperature is to be recorded has been reco- 
mmended as 5, 15 and 30 cm. The lengths of the portion CB are 9, 22 and 
35 cm for 5, 15 and 30 cm depths, respectively. 



5.4 Site for Installation 

A plot Inside the observatory enclosure measuring 2 m by 1.5 m with 
the longer side running East to West should be selected. This plot should be 
on level ground. The side should be free from obstructions like building and 
other installations. The site should be fenced. 

5.5 Installation 

The metallic stand of the thermometer is fixed into the ground along 
a line inside the plot paralled to and 40 cm away from the Northern side 
of the plot. The stands are fixed 45 cm apart from each other with the 
upper end of the arm DD inclined towards the North. 

The pit of each thermometer is dug in front of its southern side. The 
depth of each pit should be 5, 15 and 30 cm respectively. The size of the 
pit should be such that the bulb rests horizontally and the stem fits properly 
with DD. After installation of the thermometer in position with respect to 
the stand, the soil removed during digging, should be replaced layerwise 
carefully and be compacted suitably. It is very important to see that the 
bulb of the thermometer rests in good contact with the firm soil below. 

5.6 Recording of the readings 

The instruments should be read daily at 0700 and 1400 hours local 
time. While taking the reading the line joining the eye of the observer and 
the top of the mercury column should be at right angle to the instrument. 

6. Raingauge (Fig. 7.5) 

6.1 Introduction 

The raingauge (FRP) recommended by Indian Meteorological Department 
consists of a collector with a gun metal rim base, a polythene bottle and 
a graduated measuring cylinder, (Fig. 7.5). The gauge is made of fibre glass 
re-inforced polyster. It is installed at a standard height of 30 cm from the 
ground level. 

For North-East Indian tea region, the raingauge with 200 sq.cm collec- 
tor and a 4-litre bottle having a capacity of 200 mm rainfall, is the most 
common, because the catch in 24 hours is not expected to be more than 200 
mm. 


6.2 Site for installation 

The raingauge should be installed on a level ground and not upon a 
slope or terrace and never on a wall or a roof. The distance between the 
raingauge and the nearest object should not be less than twice the height 
of that object above the rim of the gauge. 
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FIG. 7.5 RAINGAUGE FIG. 7.6 CYLINDER FOR MEASURING RAINFALL 


6.3 Measurement of rainfall and the rain measuring cylinder (Fig. 7.6) 

The amount of rainfall collected by the gauge is measured with a gra- 
duated measuring cylinder, (Fig. 7.6). It must be ensured that the correct 
type of cylinder is used for the type of raingauge. The measuring cylinders 
are graduated such that one small division is equivalent to 0.2 mm of rain- 
fall and one big division 1, 2, 3 etc. as marked in Fig. 7.6 is equivalent to 

1. '2 & 3 mm of rainfall. Reading should always be estimated to the nea- 

rest 0.1 mm. 

If there is more water in the bottle than the cylinder can hold, a num- 
ber of measurements may be made and the sum total of all these measure- 
ments will give the total amount of rainfall.. The routine time for rainfall 
observation all over the country is 0830 hours 1ST. 

6.4 Installation (Fig. 7.7) 

The raingauge should be fixed on a concrete foundation ( 60 x 60 x 
60 cm) sunk into’ the ground. The base of the gauge should be embedded in 
the foundation in such a way that the rim of the gaiige is exactly 30 cm 
above ground level. Extreme care should be taken to ensure that the rim of 
the gauge is perfectly level. It is also important that the gauge is firmly 
secured to the foundation. The relative position of the collector and the base 
should be such that when correctly assembled in position the collector can 
be locked to the base by an external locking device. 





FIG. 7.7 INSTALLATION OF RAINGAUGE 
(all figures are In mm) 

6.5 Maintenance and care of the raingauge 

(a) the raingauge should never be painted and all the parts must be kept 
clean and free of dust, 

(b) while replacing the collector on the base after recording, It should be 
ensured that the two locking rings have engaged properly, • 

(c) care must be taken not to dent or deform the gun metal rim of the 
collector, 

(d) the nearest area surrounding the raingauge should be kept clear of any 
vegetative growth. 

7. V-notch weir (Fig. 7.8 & 7.9) 

7.1 Introduction 

The measurement of water is Important In drainage studies since it is 
necessary to know the quantities of water that flow out of a drainage basin 
or alternatively it may be desirable to make measurements of the flow from 
an open channel or a drain pipe. 

A weir is a notch of regular form through which water may 
There are a number of different types of weirs and they are classified 
according to the shape of the notch, for example, V-notch weir, rectangular 
weir etc. 

The weir, if properly constructed and installed. Is one of the most sim- 
ple and accurate methods of measuring discharge rate. 
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POINT TO MEASUW OCPTH 



hr: 15 CM (DESIGN FLOW HEIGHTj 
A = ! 5K ^ 


X=:2Xh 
Y::AtOn ^ 

0 = ANY ANCLE FROM 22.5'(MINI) TO 90h(MAX) 



FIG. 7.8 DIMENSIONS OFV-NOTCH WEIR FIG.7.9 INSTALLATION OP . -NOTCH WEIR 

7.2 90* V-notch weir 

The 90“ V-notch weir is commonly used to measure small flow accu- 
rately. The discharge through a 90* V-notch weir mav be computed by the 
following formula: 

Q = 0.0138 h"'® 

In which, 

Q » discharge, l/s 
H » head, cm 

To ensure reliable results in measurements, the followln)' precautions 
are necessary in the use of 90“ V-notch weirs. 

(a) The weir should be set at lower end of a long pool sufficiently wide 
and deep to give an even, smooth flow of a stream. Baffles may be 
put in the wider pond to reduce the velocity of approach and equalise 
the flow. To measure the discharge from pumps a portable weir pond 
made of sheet metal or a build-in weir pond made of brick or stone 
masonary is constructed and the weir plate is fixed at its outlet. 

(b) The V-notch must be vertical. 

(c) The centre line of the weir should be parallel to the direction of flow. 

(d) The apex of the V-notch should be above the bottom of the approach 
channel (weir pond) at least about twice the depth of water flowing 
over the weir. 

(d) The apex of the V-notch is placed high enough so that water will fall 
freely below the weir, leaving an air space under the overfalling sheet 
of water. 

(f) The scale or gauge used for measuring the head should be located at 
a distance of about four times the approximate head. It should be far 
enough to one side so that it will be in a comparatively still water. 
The zero of the scale should be exactly on tlie same level with the 
apex of the V-notch weir. 
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ESIGN OF PUMP OUTLET FOR LOW LANDS 
HAVING RESTRICTED DRAINAGE OUTLETS 

Bhupal Singh 
Dept, of Soil & Water Management 

Tocklai 


Introduction 

Out let is a key factur in the success of drainage system. The outlet 
!u lit be deep and large enough to meet the drainage requirement of the 
waterlogged area. The size of outlet shall be according to the area of 
watershed, frequency of flood, land topography, general hydrology of the area 
and soil properties. 

Type of outlets 

The main types of outlets for drainage system are: 

1. Gravity outlet (natural) 

2. Pump outlet (artificial) 

1 . Gravity outlet 

A gravity outlet is one in which the water flows out of the drainage 
system by gravity into a natural stream, open drain, a lake/pond or a down 
'.veil. The topography of the land as well as the permeability of the soil dic- 
tates the choice of an outlet. The gravity outlet means that the elevation 
of outlet is adequate to collect water from main drains without any back 
pressure. If there is a danger of flood water backing up into the main drain, 
an automatic flood or tide gate needs to be installed in place of sluice gate. 

Requirement of a good outlet 

The Importance of good outlet is indicated by the fact that a high per- 
centage of failures of drainage system is due to faulty outlets. The require- 
ments of a good outlet are: 

i) to provide a free outlet with minimum maintenance, 

ii) to, dispose the outflow without erosion, 

lii) to prevent the backflow of flood water into the main drain. 

2. Downwell (Fig. 8.1) 

Down wells or Down-Draining wells or Vertical Drainage wells are not 
commonly used. Their use is limited to areas of porous material such as 
fractured lava or porous lime stone underlying the soil. If a very imperme- 
able subsoil is underlain^ with permeable sands and gravels, it may be practi- 
cal to penetrate the impermeable stratum with a well which will permit 
water to drain from the surface into the underlying gravels. A number of 
small wells may be used or a single large well may take the discharge of 
main drains. The wells may be left open and cased with bricks or it may 
be in-filled with gravel or crushed rocks. 
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The existence of a substratum that can continually take in large 
quantities of water and that can be reached without prohibitive cost is the 
exception rather than the rule. Since there is no positive method for locating 
or for predicting the permanent capacity of such outlets, their use Involves 
considerable risk. But in some conditions, down wells can effectively drain the 



(A) SEVERAL SMALL WELLS 
G.L. COVER 



(B) SINGLE WELL WITH RADIAL DRAINS 


FIG. 8.1. DOWN-WELL FOR DRAINAGE 

Evaporation sumps 

In some areas, there are no streams/rivers etc. that can take the drai- 
nage water. Under these circumstances, the use of evaporation sumps may 
be helpful. Consideration is given to the rate of evaporation in the area in 
designing the sump. The rate of evaporation from the sump shall nearly be 
equal to the rate of inflow of drainage water plus the rainfall that falls on 
the sump. 

4. Pump outlet 

Pumps may be used for disposal of water from drainage systems where 
discharge by gravity flow cannot be obtained because of Inadequate outlets 
or because of backwater from tidal flooding (Fig. 8.2). The requirement for 
planning, designing and constructing pumping facilities do vary substantially 
from site to site. Planning requires consideration of the entire drainage sys- 
tem served so that diversion, storage areas, open channels and outlets are 
used to best advantage in determining capacity, size and operation of the 
pumps. 
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FIG. 8*2 PUMP-OUTLET 


The design requires consideration in regard to: 

(1) type, (ii) size, (iii) capacity of pumps, (Iv) kind of power to be used, 
(v) shape, size and depth of the sump, (vl) no. of pumps, (vii) pumping dura- 
tion etc. (viil) location of pumping plant for an effective outlet of the entire 
drainage system and (lx) the required water removal rate with due considera- 
tion of crop requirement. 

(a) Need for pumping 

The flat-low lands in various parts of N.E. India require pump outlet. 
Due to the blockades raised by paddy growers and busti people for fishing 
and irrigation purposes, encroachment of the river banks and waterways, 
construction of raised P.W.D. roads and railway lines with highly Inadequate 
number and size of culverts, and allotment of low lands to people in un- 
planned manner have been some of the main factors responsible for having 
pump outlet now. The time is not far, when many more tea gardens will 
have to go for pump outlet if the things continue to be in current manner. 

(b) Locatl<Mi of pumping plant 

A wet area may be served by one or more pumping plants. Large areas 
with widely separated outlets may Justify more than one pump. The pumping 
plant location is determined by : 



i) topography, 

ii) groundwater conditions, 

iii) accessibility of power line and fuel supply roads, 

iv) protection from vandalism. 

Normally, the site will be at the lowest elevation of the area to be 
drained and near to the best possible outlet. 

In order to minimise the amount of water to be pumped, the runoff 
from all areas that can be drained by gravity should be diverted from the 
area served by the pumps. When practical, the lower reaches oi the main 
drains shall be used as temporary storage. This will permit a reduction in 
the size of the pumping unit and may also provide more constant operating 
conditions because of less fluctuation in the water stage. 

(c) Pumping plant capacity 

The capacity selected for the pumping plant should give consideration 
to such factors: 

i) size of the area served, 

ii) amount, rate and timing of rainfall and runoff, 

iii) groundwater condition, 

iv) seepage rates. 

Pumping plant capacity is usually determined on a dally rate basis so 
that for surface drainage system the required capacity can be determined 
as the runoff from a 24-hour rainfall of a selected frequency of occurrence, 
plus base flow, minus allowance for available surface and groundwater sto- 
rage. Rainfall periods exceeding 24-hours may need to be considered In eva- 
luating available surface and groundwater storage. For small areas upto 1.6 
sq.km., therefore, the amount of water to be pumped should be about the 
same as would be required for a gravity drainage system with free outlet. 

Usually 3 to 5 years R.li^is ample for tea lands. I'he required pumping 
capacity should be equal to the optimum runoff obtained from such preci- 
pitation in a 24 hour period. 

Q = P - R - S - S . - S- + q 
s g d f ^ 

where: 

Q = Runoff to be removed in 24 hours, 

P = rainfall from 24 hour - storm for the selected R.I. (5 years), 

Rg= direct surface runoff in 24 hours, 

Sg= temporary ground storage, 

S(j= temporary drain storage, 

Sf= temporary forebay storage, 
q * seepage flow into the area. 

Where direct entry of surface water can be excluded, pumping plant 
capacity can be determined as the design capacity of a subsurface gravity 
R.I.* ■ Recurrence Interval 



drainage system plus some allowance for flows that may occur In excess of 
the design rate. Experience has shown an allowance of 20% as enough. Thus: 

Qp - 1.2 Qg 

where: 

Qp s pumped discharge capacity, 

Qg = gravity discharge capacity. 

(d) Selection of pumps 

In selecting drainage pumps, consideration must be given to the Type, 
Characteristics, Capacity, Head and Number. The drainage pumps must 
operate efficiently while pumping large quantities of water at low h^ads and 
also may be required to handle substantial amount of sediments and trash 
in the water. For these reasons either Axial-flow (propeller) or Mixed-flow 
pumps are commonly used. Figure 8.3 may be followed In selecting the 
appropriate size of pump, discharge, cum/s 
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FIG. 8.3 PUMP SELECTION CHART (U.S.S.C.S. , 1973 ) 

(1) Axial-flow pump 

These pumps work well for dynamic head of 1 to 5 metres, speed of 
450 to 1850 R.P.M. and discharge capacities upto 6,000 litres per second. 
The vertical, fixed-blade, single-stage pump is applicable to most drainage 





system requirements. These pumps are simple In construction, low in cost, 
require no priming at heads less than 3 m, require a minimum amount of 
floor space and housing. Because of their high speed, axial-flow pumps can 
utilise less costly, high speed motors or engines. (Fig. 8.4). 



3 PROPELLER BOWL 

4 PROPELLER 

5 DIFFUSER 

6 SHAFT (PUMP) 

10 SHAFT (HEAD) 

12 SHAFT (DRIVE) 

13 PACKING 

15 DISCHARGE BOWL 
17 GLAND 
29 LANTERN RING 
36 PROPELLER KEY 
39 BEARING BUSHING 

63 STUFFING BOX BUSHING 

64 PROTECTING COLLAR 
66 SHAFT ADJUSTING NUT 
70 SHAFT COUF'LING 

72 THRUSr COLLAR 

73 GASKET 

77 LUBRICATOR 
79 LUBRICATOR BRACKET 
DIVER PEDESTAL 
83 STUFFING BOX 
85 SHAFT ENCLOSING TUBE 
87 LUBRICATING LINE GUARD 
89 SEAL 

SUCTION BOWL 
93 UMBRELLA CLAMP 
95 SUCTION UMBRELLA 
97 PROPELLER BOWL LINER 
99 BEARING HOUSING 
101 COLUMN PIPE 
103 CONNECTOR BEARING 
105 DISCHARGE ELBOW 
163 VACUUM BREAKER CAP 
165 VACUUM BREAKER PIPE 
167 VACUUM BREAKER VALVE 


FIG. 8.4. AXIAL FLOW PUMP (USDA, SCS, No. 16) 
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(ii) Mixed-flow pump 

Mixed-flow pumps (Fig. 8.5) develop flow which is partially radial and 
partially axial. These pumps operate more efficiently over a wide range of 
head l.e. 3 to 30 metres. These pumps can also handle silt and small trash. 
They permit shallower and less costly excavations and sumps but are more 
costly and require priming at high heads. 






(e) Number of pumps 

The size and number of pumps are determined from 
capacity. For small watersheds, the total requirement can be handled by one 
pump. For large water-sheds, It Is advantageous to have two or more pumps 
to provide efficient pumping over a wider range of pumping rates. In a plant 
with two pumps, the most desirable range of pumping rates is obtained when 
one pump has about half the capacity of the other. When three or more 
pumps are used, equal capacity of all pumps is considered most satisfac- 
tory. 

While surface and subsurface flow are to be pumped, one pumf) should 
be selected for efficient operation at the head and discharge required for 
pumping subsurface flow. In any case, it is desirable that the size of one 
pump is such that it can operate continuously over comparatively long 
periods without frequent starts and stops. A pumping plant layout is shown 
in Fig. 8.6. 


air siphon 



DRAIN 


IN 


MOTOR 



PIPE 

OUTLET 


FIG. 8.6. PUMPING PLANT LAYOUT 


(f) Pump size 

The pump size should be based on heads aqd speeds when the pumns 
are operating at or near maximum efficiency. Discharge velocities under 
these circumstances will vary between 2.5 and 4.0 m/sec for a properly sized 
pump K j 

Pump size « Required capacity 
Discharge velocity 
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Power and drives 

Both electric motors and internal combustion engines are used as power 
units for drainage pumps» Electric motors are preferred because of their sim- 
plicity and low upkeep. Vertical types are most suited. Squirrel-cage (induc- 
tion) motors are more common in use due to their low costs as compared 
to synchronous motors. Starting torques of Mixed-flow and Axial-flow pumps 
are high. Therefore, capacitors shall be installed in the motors to adjust the 
incoming line voltage drop. 


Power requirement 

Q X H 


WHP 

BHP 

K W 


7fi 


WHP 


Motor Effy X Pump Effy X Transmission Effy 
input to motor = BHP X 0.746 


(I,) Sump dimensions 

Sumps may range from large tanks for handling big quantities 
of surface and subsurface water to small sumps to handle small flow from 
subsurface drains. The sump entrance must be large enough to pass the de- 
sign discharge to the pumps withoyt much restriction. The sump storage for 
pump should be sufficient to prevent excessive starting and stopping of the 
pumps.’ Storage requirement depends on pumping rate and frequency of cy- 
cling. When the inflow is less than the pumping rate, cycling will occur. For 
manually operated pumps, the number of stops and starts should not exceed 
two or three cycles per day. For automatically operated pumps, even 10 to 
15 cycles can be accepted. 

3600 S ^ S 

N “ Qp - Qi ^ Ql 

Where: 


N = No. of cycles per hour 
Qp= Pumping rate, cum/sec 
Ql = Inflow rate, cum/sec 
S = Storage volume, cum 

At maximum storage: 

and S = 

N 


Generally, sump size should be such as to provide at least 60 cm depth 
between starting and stopping leveis of pump. 

Experimental Findings 

An experiment on drainage and pump-outlet system was conducted in 
a tea garden (Kalahari Rangati T.E., West Bengal) during 1982 to 1985. ^e 
site is 88*55' E longitude and 26*50' N latitude at about 190 m elevation 
above m.s.1. The drainage system was (tesigned based on soil, crop, climate 
and hydrological data as discussed below. 
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Soli 


The soil of the project area belongs to medium texture. Soli profile 
studies were conducted and the results are given in Table 8.1. The land 
topograi^y is more or less flat with mild uniform slope in East-West direc- 
tion (0.5%). 


Table 8.1 : Soil Data 


Particulars 


Texture 

Depth : Top Soil 
Sub Soil 

Colour 

Structure 

Hydraulic conductivity 
Infiltration rate 
Depth of impervious layer 
Drainage coefficient 
•Land slope 

pH 

% Carbon 
% Nitrogen 

'’ 2°5 


Value 


Sandy loam (Sand : 70%, 
Silt ; 22%, Clay : 8%) 

60 cm thick 
200 cm thick 
Brown 
Granular 
2.40 m/day 
20 mm/hour 
10 m 

8 m m/day 

0.40% in N-S directions 

0.50% in E-W directions 

4.5 - 5.0 

0.5 - 1.30 

0.082 

25 ppm 

45 ppm 


Climate 

normal annual rainfall of the project site is 4560 mm. The highest 
rainfall was received in 1984 (5225 mm) and the lowest in 1982 (3832 mm). 

of. rainfall for the period 1979 to 1984 is given in 

Table 8.2. 


Table 8.2 : Monthly distribution of rainfall, mm 


Month 

1979 

1980 

1981 

1982 

1983 

1984 

January 

16.51 

- 

27.69 


3.05 

65.28 

February 

21.59 

47.24 

- 

1.02 

17.53 

37.59 

March 

- 

100.84 

140.97 

72.14 

47.14 

9.14 

April 

175.01 

103.38 

204.22 

239.78 

231.39 

300.74 

May 

210.82 

433.58 

392.94 

261.87 

263.40 

772.67 

June 

429.51 

843.79 

946.66 

1037.08 

1132.08 

959.61 

July 

1649.22 

1137.92 

1200.40 

1454.66 

1582.93 

1246.63 

August 

1002.79 

983.49 

690.37 

296.67 

750.06 

370.58 

September 

776.22 

893.57 

690.37 

393.45 

808.48 

1078.23 

October 

698.25 

160.53 

1.27 

39.62 

174.24 

362.02 

November 

46.99 

- 

• 

30.23 



December 

48.51 

- 

7.62 

5.08 

28.19 

,12.70 


TO75.42 4704.34 4302.51 3831.60 5038.49 5215.19 




The dsta show that about 92% of the total annual rainfall is received 
during 6 rainy months (May to October) and 8% in remaining 6 winter 
months l.e. November to April. Normally, July is the heaviest rainfall month 
which receives about 25 to 30% of the total annual rainfall i.e. 1200 to 
1650 mm. 

Cr<q> 

The crop yields were showing a steep declining trend since 1979. The 
rate of decline in yield was 5.5% in 1980 and 19.3% in 1981 over 1979 
yields. The average yield level of experimental area was about 100 kg/ha 
less than that of area taken as 'control' in the studies. The data on yield 
are given in Table 8.3 for the period 1979 to 1981, l.e., pre-experimental 
period. 

Table 8.3 Yield (Made Tea, kg/ha) for the pre-experimental period 


Year 

Experimental area (113 ha) 

Control plot (175 ha) 

% area 
under 
L.P.8 

yield, 

kg/ha 

% Decrease 
over 1979 

% area 
under 

L.P. 

Yield, 

kg/ha 

% Decrease 
over 1979 

1979 

26 

1808 

- 

33 

1893 

- 

1980 

61 

1709 

5.5 

19 

1795 

5.2 

1981 

9 

1460 

19.3 

32 

1586 

16.6 


The estate produced record crop in 1979 in the history of the garden. 
Due to heavy and prolonged waterlogging, the tea roots have been very shal- 
low (30-45 cm) and inadequate in volume. The roots had tendency to grow 
horizontally or even upward. The root lenticels were found enlarged confirm- 
ing waterlogging. Most of the weeds growing in the area were of waterlog- 
ging and aquatic types. The tea plants 'were prone to heavy infestation of 
black rot, red rust and violet root-rot diseases. The crop response to soil 
applied fertilizers was extremely poor. 

The experiment was taken up with the main objective of arresting the 
declining trend in tea yields and to reverse it by way of Improved drainage 
alone keeping all other inputs more or less the same as before. 

General hydrology 

The area receives very heavy rainfall (5000mm). in its north (high side), 
there is large area under paddy cultivation, which remains full of water 
during rainy season. A considerable amount of surface runoff and subsurface 
seepage water flows through the estate causing serious waterlogging during 
rainy season. There are some natural springs in the project area; some of 
which flow on the ground surface almost all throughout the rainy season. As 
a result, the general groundwater table of the area remains very high 
(40 - 60 cm below ground surface) most of the time. 

A big river (Diana) flows along the western boundary of the estate. 
Flood control department has constructed an embankment along the garden 
boundary for flood protection, which has blocked the drainage outlets of the 
garden completely. During' rainy season, a considerable amount of seepage 
from another river flowing close to the eastern boundary of the estate moves 
Into the fFl'j’itrftlhlfftr ft * a ft'lhrf*. riifAlHiHiftnim Af w.aifhi'ftrrHA/Tfrflimfflr,-, 













Old (oonventional) drainage aystem 

The estate followed the concept of only surface drainage and had the 
network of drains as given below. The old conventional drainage system was 
maintained in its original form In the control plot (175 ha) for comparative 
studies. 


Runoff drains : 45 cm deep, 30 to 60 cm wide, vertical wall open drains at 
12 m spacing in both North •• South and East - West direc- 
tions. The total length of runoff drains was about 1600 m 
per ha. 

Collector 60 cm deep, 75 to 90 cm wide, vertical wall, open drains 

drains : at 50 m spacing in both North - South and East - West direc- 

tions. The total length of collector drains was about 400 m 
per ha. 

Main drains: 75 to 90 cm deep, 100 to 150 cm wide open drains at 300 
m spacing in East -West direction. 

The drain Juctions, bed gradients and their alignment was improper. As 
a result, the drains used to remain full of water during rains and were sub- 
ject to collapse and caving-in problems. 

Improved drainage system 


The old drainage system was finished-off and new drainage system was 
deigned using Hooghoudt’s equation and installed in the experimental area 
(113 ha) having tea plantation of the same type as of control plot. 

Lateral drains: Parallel lateral drains in East - West direction, 105 cm deep, 
45 cm wide at top, 20 cm wide at bottom, at 30 m a pn^^i ng 
in gridiron pattern. Length of each lateral was 100 m and 
the b^ gradient was 0.40%. Total length of laterals was 


Submain drains: 120 cm deep, 120 cm wide at top, 75 cm wide at bottom 

at 100 in spacing in North - South direction. The bed gradi- 
ent was 0.30%. * 


Main drains: 


Interceptor 

drains: 


150 cm deep, 200 to 240 cm wide at top, 100 cm wide at 

ntaJ”, Wide at bottom. 

in St •^""dary of the tea estate 

n EMt - West direction to cut-off the seepage flow entering 

into the area from adjacent high paddy lands. The layout plan 
of drainage system is shown in Fig. 8.7. ^ ^ 
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Pump-Outlet 

The technical information on pump-outlet is given in Table 8.4. 


Table 8.4 Technical information on pump-outlet system 


Make 

Johnston 

Type 

M-F inclined pump 

Size 

381 mm dia, single stage 

RPM 

1460 

H.P. requirement 

12.50 

Capacity 

150 I/sec. at total head = 5m 

No. of pumps 

One 

Source of power 

Overhead electric supply, A.C., 

3-phase, 30 amps, 420-380 volts, 

50 cycles, 1.24 km long line. 

Motor 

: Kirloskar make, vertical hollow shaft, 
squirrel cage, induction motor rated 

380 volts, directly coupled with pump, 


HP = 15, RPM = 1460 

Sump 

: 30m X 20m x 4m 

Sluice gates 

: 4 Nos. 100 X 100 cm, mild steel 
sheets, 8 gauge, vertical movement. 


The design criteria for pump outlet was estimated to be 8itim/day. The 
system included a pumping plant, a sump, 4 sluice gates, one flap-gated 
structure and trash-traps. The pumping point was electrified and designed in 
such a manner that the pump could be operated easily without having provi- 
sion for a step-up transformer. The electric motor on the pump was rated 
380 volts (420 volts minus line drop). The pump of specifications shown in 
fig. 8.5 was Installed with a sump (Fig. 8.8) 



Og. 8.8 
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AgixHioinic iMvctioes 


The estate followed Tea Research Association's standard recommenda- 
tions on manuring, weed control, pest control, plucking and pruning. The 
estate applied N;P:K at an average rate of 100:0:60 kg/ha as ground applica- 
tion and 4 rounds of foliar application of urea and zinc at the totai concen- 
tration of 4% (2 + 2%) at fortnightly intervals starting from June. The shade 
status in the experimental and control plots was more or less the same. Plu- 
cking of tea leaf was done regularly at 8 - 10 days Intervals. 

Water table Investigation 

To have a detailed study of groundwater table behaviour in relation to 
rainfall, 53 piezometer wells were installed to a depth of 270 cm below the 
ground surface to have a comprehensive coverage of the entire project area. 
The water table data in the experimental and control plots were recorded 
using an "Electronic Water Table Recorder" designed and fabricated locally by us. 
The water table profiles are presented in Fig. 8.9 and 8.10 and the electro- 
nic water table recorder is shown in Fig. 8.11, 
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FIG.8.11. ELECTRONIC WATER LEVEL RECORDER DESIGNED & FABRICATED 

IN THE DEPT. 

RESULTS AND I»SCUSaON 

Prior to drainage Improvements, the estate was observing a steep decli- 
ning trend in crop yields since 1979. The piezometric data showed a serious 
build-up of water table in the rootzone of tea plants all throughout the rainy 
season (July to October). The water table was observed to rise as close as 
40 cm to the ground surface. It, however, fluctuated from 40 to 100 cm 
depth, most of the time. The old experiments have revealed that If water 
table rises into 90 qm zone below ground surface and remains there for 
longer than 72 hours, the tea rooting system gets severely damaged and as 
a result there is marked depression in the yield. This fact is again con-; 
firmed by shallow and inadequate rooting system of tea plants observed in 
the project area. The studies showed that the tea roots were hardly 45-50 
cm deep. The roots were badly twisted and bent., 1 heir tendency was to grow 
horizontally or even upward for want of O 2 . About 1% of mature tea plants 
were dying every year due to various soil borne diseases caused by water- 
logging. The response to ground application of fertilisers was poor. 

The drainage experiment was taken up- in 1982 with an objective to 
control the water table below the tea rootzone during rainy season. The data 
on crop yields, rainfall and water table were recorded. 




Water Table 

The data plotted in Fig. 8.9 and 8.10 show that the subsurface drainage 
system provided in the experimental area could very effectively control the 
water table 90 cm below the ground level (desirable level of W.T. control for 
tea) all throughout the rainy season. The water table In control plot, where 
only surface drainage system was provided, remained in the tea rootzone 
throughout rainy season and at times it was as close as 40 cm to the ground 
surface. The high rainfall- was found to be one of the major sources of 
excess water causing waterlogging apart from subsurface seepage flow from 
adjacent high paddy lands and river along the eastern boundary of the pro- 
ject area. 

Crop yields 

The yield data recorded from the experimental plot (113 ha) and con- 
trol area (175 ha) are presented In Table 8.5. The data recorded from the 
experimental plot showed an Increase of 24.9, 25.1, 38.0 and 33.9 % in 1982, 
1983, 1984 and 1985 respectively over that of 1981 yields (pre-experlmental 
year). It is worth noting that the original yield level of the area selected 
for drainage experiment was 100 kg/ha less than that of area taken as 
"control" in the present study. The poor yielding section was taken for drain- 
age experiment to . study the extent of Increase in yields due to improved 
drai nage. 


Table 8.5 Tea yields as Influenced by sub-surface drainage 


Year 

Rainfall 

mm 

Experimental area 
(113 ha) 

Conventl 

( 

onally drained area 

175 ha) 

%area 

under 

L.P. 

Yield, 

made 

tea 

kg/ha 

%increase 
if yield ovei 
1981 

%area 

under 

L.P. 

Yield, 
nade tea 
kg/ha 

. %incre- 
ase in yield 
over 1981 

1985 

5159 

33 

1953 

33.8 

30 

1674 

5.5 

1984 

5215 

33 

2015 

38.0 

16 

1867 

17.7 

1983 

5038 

40 

1826 

25.1 

23 

1870 

17.9 

1982** 

3832 

- 

1824 

249 

28 

1859 

17.2 

1981* 

4303 

9 

1460 

- 

31 

1586 

- 


The crop yield data from control plot (175 ha) showed that after an 
initial Increase of 17.2% in 1982, the yields remained static In 1982, 1983 
and 1984. There was only 8 kg/ha Increase in tea jields In 1984 as compared 
to 1982 yields. In 1985, there has been a significant decline in yield of 193 
kg/ha as compared to 1984 On an average, there has been only 88 kg/ha 
increase during last 4 years period In control plot as compared to base year 
crop of 1981. In the same period (1982-1985), the experimental area has 
recorded an increase of 493 kg/ha as against 88 kg/ha Increase In control 
plot, which Is highly remarkable. The area which was producing 100 *^8^® 
less crop In the past is now after Improved drainage producing 279 kg/ha 
more crop as compared to yields of control plot. 


This increase in yield in experimental area was obtained insplte of the 
fact that there was considerable increase in area under L.P. i.e. 40, 33 and 
33% in 1983, 1984 and 1985 as against 23, 16. and 30% in Control plot during 
the same period. On an average, L.P. tea sections give about 20-25% lew 
crop than unpruned teas. Apart from increased L.P. there was 1206, 1383 and 
1327 mm more rainfall in 1983, 1984 and 1985 respectively as compared to 
1982 rainfall (3832 mm). The drainage system of experimental area w^ found 



tadirect benefits 

Due to waterlogging, the project area had serious infestation of rather 
difficult weeds e.g. narrow-leaved grasses, creapers, ferns and thatch etc. 

It was quite expensive and difficult to control these weeds. Because of thick 
grass cover on the ground, the availability of soli applied fertilizers to tea 
plants was also highly restricted. After drainage, the aquatic type of weeds 
have reduced considerably and now the broad-leaved weeds e.g. Elagracote, 
which are easy to eradicate, are dominating over the grasses. Now, there has 
been reduction of 10% in Gramoxone, 59% in 2,4-D and 78% in Dalapon con- 
sumption as compared to their consumption in 1981 (Pre-drainage year) to 
keep the ground weed free as before. 

The estate used to apply N:P:K @100:0:60 kg/ha in the past. But due 
to various financial constraints, the estate could not apply full dose of ferti- 
lizers during 1982 - 1985. There had been a reduction of 21, 8 and 20% in 
N-application and 26, 5 ,and 10% in K-application in 1982, 1983 and 1984 
respectively. Should there had been no cut on manuring, the tea yields could 
still be higher than that recorded during this period. 

Due to various soil borne diseases caused by waterlogging, the mature 
tea plants were dying at a rate of 1% every year in the past. Since drai- 
nage Improvements were provided, there has hardly been any loss of plant 
due to waterlogging in the experimental area during the period 1982-1985 
whereas the plants in control plot are still dying at the same rate. 

The old conventional drainage system had 1600 m long runoff drains and 
400 m long collector drains per hectare which has now been reduced to 335m 
long lateral drains and 70 m long submain drains per ha in the experimental 
area. This has saved about 5 times on the annual maintenance cost of drai- 
nage system. 

Cost-beneflt : The drainage project was evaluated for its cost-benefit ratio. It 
works out to be more than 1:8 for the period of 4 years of expe- 
rimentation (1982-85). This is considered as a highly favourable 
ratio for any developmental project. 
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DESIGN & INSTALLATION OF 
UNDERGROUND PIPE DRAINAGE SYSTEM 


Bhupal Singh 
Dept, of Soil & Water Management 

Tocklai 


Introduction 

♦ 

A subsurface drain is one that is beneath the surface of the soil. In 
general, the initial cost of a pipe drainage system is somewhat higher than 
the initial cost of an open drainage system but if one balances out the cost 
of land loss and cost of maintenance of open drains etc. the pipe drainage 
system may prove to be more economical in long run than open drainage 
system. 

Subsurface drains drain the soil rather than the surface. They take out 
only the soil excess water and not the water that plants can use. That water 
is held by capillary. I'he excess water flows by gravity into the drains. Sub- 
surface drains have definite advantages over surface drains. They occupy no 
land and they do not harbor weeds. 

1 . Drain materials 

Most common materials used for pipe drains are clay, concrete and 
plastic. 

(a) Clay pipe (tile) 

Clay tiles are usually made in lengths of about 30 cm and have a range 
of internal diameters varying from 10 to 20 cm; 12.5 cm being the standard 
size for lateral drains. Fhe tiles are straight with or without collar. The 
water enters the pipe line through the gap between the two tiles. 

(b) Concrete pipes 

Concrete pipes are used if clay tiles are not readily available or if 
tiles of greater diameter are required. The disadvantage of concrete pipes 
is that they deteriorate quickly under acid soils and soils with high sulphate 
content. 

(c) Plastic pipes 

The most common plastic pipes are PVC due to their high resistance 
power to outside pressure. The drain pipes can be rigid and corrugated. The 
corrugated pipes have great resistance tg outside pressure and are compara- 
tively cheaper than smooth plastic pipes but they have high hydraulic resis- 
tance. Smooth pipes are provided with saw-slits usually longitudinal and 
sometimes transverse. Corrugated pipes have many small openings in the 
valleys of the corrugations, as follows. 
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Particulars 


Smooth pipe 


Outside dia 90 mm with 2 mm wall thickness, 

110 mm with 2.2 mm wall thickness, 

125 mm with 2.5 mm wall thickness. 

Perforations 25 mm long, 0.6 to 0.8 mm wide, 

40 slits per metre length of pipe 
rows making a total inflow area of 600 
mm2 (approx.). 


d). Mole drains 

Mole drains (Fig. 9.1) are constructed without digging a trench by pul- 
ling a steel plug, the mole, through the subsoil at shallow depth. They are 
limilar to pipe ^ains except that they are not lined. The mole drains are 
used to drain the heavy clay soils having low permeability. If constructed 
jjroperly, the installation cost of mole drains is comparatively low but they 
i^d to be made again after a few years use. Mole drains may prove to be 
beneficial in Bheel soils of Cachar and clay soil of Nowgong areas of N.E. India, 


MOLK PLOUGH 



FIG. 9.1 MOLE DRAIN 

Drain die quality 

Clay tiles are made of shale, fire clay or surface clay. Concrete tiles 
are made of portland cement. 

Characteristics of good drain tile 

i) resistance to weathering, 

il) resistance to chemical Reaction in the soil, 

111) sufficient strength to support load under field conditions, 

iv) low water absorption, 

v) free from cracks and ragged ends, 

vl) uniformity in wall thickness and shape. 


1S6 


2« Hydraulic design of idpe drain 
(A) Drainage ooefflckmt 

It is the depth of water (mm) that must be removed In a 24 -hour 
period. The factors that influence the drainage coefficient are: 

(a) rainfall rate, 

(b) surface runoff admitted to pipe drain, 

(c) size of watershed. 

i(i) Steady-state situation 

The drainage criteria for steady-state situation consists of a certai 
discharge, q, at a given ground water table midway between the drain 
selected according to the depth of rootzone of tea. Sometimes the thicknes 
of capillary fringe above the watertable is also taken into account. The drai 
nage coefficients estimated for different regions are given in Table 9.1 

Table 9.1. Estimated values of Drainage coefficient for different regions 


Zone 

Drainage coefficient, mm/day 


Middle and lower Assam 
North Bank & 

7-8 


Upper Assam 

8-10 


Droars 

10-15 


Teral 

8-10 


Darjeeling 

6-7 


Cachar 

8-10 



(11) FalUng-water-taMe situation 


In case, the design rate of drop of the water table is known, the dra! 
nage coefficient can be computed from the flowing formula: 

DC n 

Where: 

DC « drainage coefficient, mm/day 

H 

-Tj!— « rate of drop of watertable, mm/day 
■ drainable porosity of the soil, fraction. 

(B) Drain bed grade 

In order to make the pipe drain line self-cleaning, it is necessary t 
have a grade that will give the flowing water enough velocity to carry th 
sediments out of the line. 

A desirable working grade is 0.20%. It is based on a minimum velocit 
of about 45 cm/sec at full flow. Small reversals of grade are permlssibl 
but If the reversal Is greater than 10% of the inside diameter of the pip€ 
the dl^herge capacity of the drain wiil reduce considerably and danger o( 
sedimentation will increase. The rate of return to established grade shall nc 
exceed 2% of the pipe diameter per joint of pipe. Maximum allowable depai 
ture from alignment shall not exceed 20% of the inside diameter of the pip 
drain return to the established line not to exceed 5% pe 



l) Drain size 

The hydraulic capacity of the drain pipe can be determined from the 
lanning's formula i.e. 

Q = DC X A = 
here: 

DC= drainage coefficient, m/sec 
A = drainage area, m* 

V = velocity of flow in the drain, cm/sec 
a ■ cross-sectional area of the pipe drain, m* 

Manning's coefficient, 

K,^ 38.4 for corrugated PVC pipes. 

= 51.7 for tile drains and rigid PVC pipes. 

3 d 

R * hydraulic radius ='^= T 
d > diameter of pipe drain, cm 
s « hydraulic slope, m/m 
Q a design flow rate, cum/sec 

To deal with the increasing hydraulic resistance of the pipes due to 
leing, silting and poor alignment, a reduction of 25% for larger dla pipes 
id 20% for small dia. pipes on the drainable area is employed. After 
imputing the required pipe diameter, the next larger commercial dia. is 
dected. 

100 mm is the minimum size recommended, but 125 and 150 mm are 
immonly used sizes under normal conditions. 

) Drain depth and placing 

There is a definite relationship between depth and spacing of drains, 
ir soils of uniform permeability the deeper the drains the wider the spacing 
Ig. 9.2) 
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fig. 9.2 RELATIONSHIP BETWEEN DRAIN DEPTH AND SPACING 



lucfuttii m ciwn 

It is affected by , 

Depth of outlet, 

crop requirement, 

soil type and permeability, 

drainable strata, 

drain spacing, 

* depth of Impervious strata, 
limitation of trenching tools. 

In uniformly permeable soils (loamy sand), the depth of pipe drains can 
vary from 120 to 200 cm unless limited by depth of outlet. 

(ii) Drain spacing 

It is affected by 


depth of drain, 

hydraulic conductivity, 

amount of subsurface water to be drained, 

depth at which the water table is to be controlled. 


When a single drain line, is installed in the soil, the water table is 
lowered to the depth of the drain in the immediate vicinity of the drain and 
slopes upward and outward to some point horizontally where the drawdown 
curve b^omes tangent with the original water table. 

When two parallel drain lines are installed, each one exerts an influence 
on the water table and the two drawdown curves intersect at the midpoint 
between the two drain lines. By moving the two drain lines closer together, 
the drawdown curves intersect at a lower level at the midpoint between 
drain lines. This, then becomes the concept of drain spacing. Under normal 
conditions in tea soils (loamy sand) of N.E. India the drain spacing will vary 
between 30 and 50 metres for 150 cm deep drains. The drain depth is nor- 
mally selected and spacing is calculated using following equation: 

For steady sute condition : 

s2 . tl^(2De . Hml 


For falling watertable condition : 


K t 
f 


m 



X 2.3 log 


*^o( mf-*- 2Dft) 

m^ (m^ + 2Dg) 











here: 

S = drain spacing, m 

K = hydraulic conductivity, m/day 

H^f height of W.T. at midpoint between the drains, m 

Dg» equivalent depth to impervious layer below drain bed level, m 

q » rate of recharge, m/day 
t « time for W.T. to drop from mo to m^, hours 

f s drainable porosity (fraction) 

C s a constant (0.8 to 1.0) 

) Drain niters & envelope 

Filter materials are applied to pipe drains for three purposes: 

I mitering function 

To prevent the entry of soil particles into the drain. It should permit 
e fine clay and silt particles to move through the envelope but should pre- 
mt the entry of larger particles of fine sand 

i) Water-conducting function 

To facilitate water flow into the drain (Fig. 9.4). 

il) For improving bedding conditions. 


WO FILTER 

RELATIVE 

EFFICIENCY 50% 100% 90% 90% 

FIG. 9.4 DRAIN SURROUND TESTED BY DENNIS AND TRAFPORD (1975) 



OOO 

FILTER AROUND 

FILTER ALL AROUND UPPER HALF 

FILTER AROUND 
LOWER HALF 


Gravel filters and envelopes are used extensively. The following equa- 
}ns are used to design the filter. 

Graded material : 


D^gfll^ 

DjjBa* 

OR 

DjgFllter 

D^gBase 


12 to 58 


12 to 40 


140 





“^50 

IT ill] Iter 


Base 

OR 


Eli 

Filter 

“l5 

Base 


5 to 10 


(F) Drain acoessmies 

(i) Surface inlet 

A surface Inlet (Fig. 9.5) admits surface water into the pipe drain 
^enever possible, surface runoff should be removed with shallow runof 
drains rather then surface inlets. 




bell & SPIGOT TILE. 
150MM SIZE 


BEEHIVE GRATE 


u 




CONCRETE COLLAR 
SEALED JOINT 




4 M OR MORE 


FIG. 9.5 SURFACE INLET FOR PIPE DRAINS 

(il) Blind iniet 


Where the quantity of surface water to be removed is small or th« 
amount of sediment is too great to permit surface inlets to be installed 
blind inlets (Fig. 9.6) may improve drainage. 



(A) CROSS-SECTION (B) PROFILE 


FIG. 9.6 BLIND INLET ON PIPE DRAIN 

(lii) Sedimentation basin 

The soils containing large quantities of fine sand cause sedimentation 
in the drain. A sedimentation basin is a structure that accumulates sediments 
and reduces deposition in the drain.' 
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Uv) Relief iripes and breathers 

Relief pipes and breathers ar<e’ small size vertical risers extending from 
the drain line to the surface. Breathers are installed on long drain line to 
prevent the development of vacuum. For slopes over 1%, negative pressure 
could develop in a pipe drain running full. Relief pipes are used to relieve 
the excess water pressure in the drain during periods of high outflow, thus 
preventing blowouts. 

3. Drain Installation 

A drainage system may be adequately designed but It will no| function 
satisfactorily unless properly installed. Drain installation includes digging to 
an established grade, laying the pipe, blinding and back-filling. 

(I) Digging of Trench 

Digging of trenches for pipe drain installation 4 normally done by 
manual labourers and hand tools. The trench can be 60 cm wide at top and 
20 cm at bottom. 

(ii) Drain bed grade 

For hand trenching, a sight or a string-line method is commonly fol- 
lowed. Now laser beam equipments have also been developed. 

(iii) Drain installation 

Pipe drain should be laid on true grade and with good alignment and 
bottom support. The gap at the tile joints should be less than 3 mm in 
coarse-textured soils to prevent inflow of fine sand. 

(iv) Blinding the <kaln 

Blinding is accomplished by placing the designed filter material around 
the pipe. The minimum thickness of blinding should be 7.5 cm all around the 
pipe drain. 

(v) Backfilling the drain (Fig. 9.7) 

While digging the trench, the top soil and subsoil should be heaped 
separately. The excavated soil should be used to backfill the trench in the 
same manner as dug out to maintain original soil condition. Some extra soil 
should be heaped on the drain line to allow for the settlement in the trench. 



FIG. 9,7 BLINDING THE PIPE t^IN 
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4* l)rain malntctiiaiice 

The maitr causes of drain failure are as follows: 

(a) due to lack of inspection and timely maintenance - 29% failure 

(b) due to improper design - 28% ’ 

(c) due to Improper installation - 23% failure, 

(d) due to poor quality of material used - 20% failure. 

OHTectlve maintenance 


(0 Drain silting-up 

Silt may cleaned by digging holes along the line every 15 m aoart 
Between the holes, the silt may be removed with sewer rod. The sediments 

“d" fTomThroude. S 


(ii) Qiemical deposits 

In some cases iron-oxides and manganese oxides may be formed in pipe 
lines. TheM materials can be removed by injecting sulfur-dioxide gas for a 
period of 24 hours in presence of water. This problem can also be remedied 
by the use of 1N-H„S0. and 2% sodium bisulfite solution to dissolve the 
oxides of iron and mdhgaftese from inside the line. 

(ill) Tree roots 


The roots of tea plant and/or shade tree may grow into the pipe drain. 
The placement of drains at greater depths will help eliminate this problem 
the dram. It would be desirable to install the pipe drain in 
* '"‘tldle of two shade tree rows. Replacing the part of the drain near an 
odd shade tree with blind pipe and sealing of joints will also be helpful. In 
the event that a drain line is plugged by roots, these can be removed with 
a mechanical rod made of flexible vanadium steel. Attachments can be fas- 
ened to the end of the rod to cut out the roots from the drain pipe. Soft 
roots of other plants may also enter the drain line but they do not cause 
any trouble as they die, decay and are washed away easily. 


m 
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hectare before taking up the project. With time, 

project area having Improved drainage system has increased from average 
1656 kg/ha to 2134 kg/ha in 3 years period, the Increase In control plot was 
found negligible during the same period. 


Coat of drainage 

The cost data have been collected from the estates where the projects 
were taken up. This included cost of survey, digging of drains, construction 
of culverts etc. and the maintenance cost of the drains. The interest on loan 
has been charged 9 12i% for the first year and 17% for the subsequent 
years as per current rate of NABARD. and commercial banks. 


Yield data 


The yield figures were supplied by the estates together with other 
details like rainfall, pruning percentage, use of inputs like fertilizers, weedl- 
cides, pesticides etc. in the project area and control plot. The present exer- 
cise is based upon the yield data only. 

Contribution 


The average cost of production has been taken as Rs.22.00 per kg 
(made tea); the fixed cost being Ri 12.00 and the variable cost R8.I0.00 per 
kg. The sale price is taken as R8.25.00 per kg. Applying the formula for 
contribution = Average sale price - variable cost, the average contribution 
is estimated as Rs. 15.00 per kg. 

The distribution of cost on different items of drainage is given in 
Table 10.1. 


Table 10.1 Cost of Improvement of drainage system per ha 
for 3 years period (Rs.) 




1st yr. 

2nd yr. 

3rd yr. 

Total 

1. 

Cost of survey 

1U8 

- 


108 

2. 

Cost of digging drains 

1752 

- 

- 

1752 

3. 

Cost of construction of 






culverts etc. 

495 



495 

4. 

Maintenance cost 

112 

176 

208 

496 


Total (Rs) 

2467 

176 

208 

2851 


T(jp increase in yield obtained from six different drainage projects 
showed the trend as given in Table 10.2. 

The cost distribution of improvement of drainage for the first 3 years 
is given in Fig. 10.1 
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during first 3 YEARS 

0.2 Increase in yield from drainage projects, kg/ha 


Pf^- increase in yield, kg/ha 

Project Area Drainage , 2nd yr. 3rd yr. Total 

No. (ha) yr. yield 

(kg/ha) 


FIRST 113 

SECOND 26 

THIRD 48 

FOURTH 138 
FIFTH 555 

SIXTH 114 


1460 

2293 

2698 

1223 

1968 

I in'! 


364 

627 

829 

204 

220 

265 


366 

319 

851 

516 

426 

448 



555 

526 

478 

520 


1285 

946 

1680 

1246 

646 

1191 
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INCREASE IN YIELD, KQ/HA 


The total Increases In yield due to Improved drainage Is given to H8,l(k2, 



PROJECT NO 1 2 3 4 5 6 

FIQ.10.2 INCREASE IN YIELD AS OBSERVED JN 
SIX DRAINAGE PROJECTS 

like avmige increase in yield fw the six projects Is taken on weight 
lMSta> Tike over^ increase in )rield in all six projects showed significant 
improveinenL 




THIRD 


FIRST SECOND 

year 

FIG. 10.3 BENEFITS FROM SIX DIFFERENT DRAINAGE PROJECTS 


M details of each drainage project located in different soil and clima- 

nn . *‘‘® discussed here. The cost and benefits very much depended 

rL. it structure and agro-climatic conditions. The 

^ ntriputlon is shown in the form of balance for each year of all six pro- 
jects In Fig. 10.3. 


Project Now 1 : Drainage of flat sandy 
condition. 

Technical details: 

(a) Project area 

(b) Topography 

(c) Soil 

(d) Average rainfall 

(e) Water table before 
drainage improvement 

(f) Source of waterlogging 

(g) Drainage outlet 

(h) Old drainage system 


(I) Improved drainage system 


(j) Water table after 
drainage 


loam tea soils under restricted outlet 


: 113 hectares (282 acres) 

: Flat 

: Deep sandy loam 
: 4,500 mm 
: 45 to 60 cm 

: Sub-surfhce seepage flow 
: Restricted 

i) Lateral drains : depth=45 cm 
Spacing » 12m 

Length = 1600 m per ha 

ii) Sub-main drairtk depth '»60 cm 
Spacing = 50 m 

Length = 400 m per ha 

Hi)'' Main drain : depth « 75 to 90 cm 
Spacing = 300 m 

i) Lateral drains : depth » 105 cm 
Spacing » 30 m 
Length * 335 m per ha 
System » Gridiron 

il) Sub-main drain : depth « 120 cm 
Spacing » 150 m 
Length » 70 m per ha 

lii) Main drain : depth ■ 150 cm 
Spacing = 300 m 

iv) Drainage pump : discharge 1.20 lal 
GPH at 5 m head with 12.5 HP me 

: Deeper than 100 cm 


The economic evaluation of drainage Improvement of Project No. 1 is 
presented in Table 10.3. 

Table 10.3 Economic evaluation (cost benefit analysis per hectare) 



Cost of 
drainage 
Rs 

Interest 

Rs 

Ttrtal’ 

cost 

Rs 

Rel 

Yield 

kg/ha 

“fens: 

tion Rs 

Balance^Rs: 

1342 

166 

1516 

364 

5460 

♦ 3950 

339 

58 

397 

366 

5490 

+ 9537 

226 

38 

264 

555 

8325 

♦ 18790 




Project Na 2 : Drainage of Tea lands with Rolling Topography 
Tedbnlditd dcicalla : 


(a) Project area 

(b) Topography 

(c) Soli 

(d) Average rainfall 

(e) Water table before 
drainage 

(g) Old drainage system 

(g) Improved drainage 
system 


(h) Water table after 
drainage 


: 26 hectares (65 acres) 

• Roiling 

• Loamy sand with bouldery sub-soil 

• 5200 mm 

' Flat ridge top 90 cm and the sloping 
sides - 20 to 40 cm 

i) Flat ridge top; depth = 75 cm 
Spacing = 15 m 

11) Sloping sides of the ridge : No drains 

i) Flat ridge top : No deep drains required 

il) Sloping sides of the ridge : 

(a) Runoff drains; depth = 45 cm 
Spacing = 10 m 

(b) Interceptor drain : Only one across 
the slope, 150 cm deep at the toe 
of the slope. 

(c) System - relief drainage system 
with provision of erosion control 
structures 

: Morey than 90 cm 


The economic evaluation of Project No. 2 is given in Table 10.4 
Table 10.4 Economic evaluation (cost benefit analysis per hectare) 


•^erlod 

Cost of 

Interest 

Total ' 


Retqrn Balanced Rs 


drainage 

Rs 

cost 

Yield 

Contribu- 


Rs 


Rs 

kg/ha 

tion Rs 

Ist yr 

3056 

382 

3438 

627 

9405 ^ 5967 

2nd' year 

200 

34 

234 

319 

4785 ^11264 


Note 


The cost benefit ratio ■ 1:3.06 
„ ' . ♦Interest on balance © 12.50% 

liie income from Interest is Included 



Project No, 3 : Drainage of Flat Sandy Loam tea soil 
water table 


Technical details 


having tMturaUy hi 


(a) Project area • 48 hectares (1^0 acres)- 

(b) Topography : Flat, 


(c) Soil • Deep sandy loam 

(d) Water table before ; 40 to 60 cm 

drainage '' 

(e) Average rainfall : 4000 mm 

(f) Source of waterlogging : Local rainfall 

(g) Drainage outlet " Partly restricted 

(h) Old drainage system i) Lateral drains : depth ■ 75 cm 

Spacing > 50 m 
Length « 400 m per ha 

ii) Sub-main drains : depth > 90 cm 
Spacing > 50 m 
Length » 400 m per ha 


(i) Improved drainage 
system 


(j) Water table after 
drainage 


iii) Main drains : Nil 

1) Lateral drains : depth > 105 cm 
Spacing > 30 m 
Length > 335 m per ha 
System ■ Grid-iron 

ii) Sub-main drain : depth ■ 120 cm 
Spacing > 120 m 

Length > 85 m per ha 

iii) Main drain : depth « 150 to 200 cm 
Only one main drain 

; Deeper than 90 cm 


The economic evaluation of drainage Project No. 3 is given in TabIelO.5 


Table 10.5 Economic evaluation (coat benefit analysis per hectare) 


Period 

Coat of 

Interest 

Total 

Return Balance? F 


drainage 

Rs 

cost 

Yield 

Contribu- 


Rs 


Rs 

kg/ha 

tionrRs 

1st yr 

2887 

361 

3248 

829 

12431 ^ 9187 

2nd yr 


51 

351 

851 

12765 + 22749 


the coat benefit ratio » 1:6.32 
*Itttereat <hi balance 0 12.90% 


Naca : The Income from interest la Included 

life , 







Pro|0^ ^ 4 ; Drafnage of Flat Silty-Loam soils under tea plantatl(|p^ 

Tedmteal <ietaila : 


(a) Project area : 

(b) Topography : 

(c) Soil : 

(d) Average rainfall : 

(3) Water table before : 

drainage 

(f) Source of waterlogging : 

(g) Drainage outlet : 

(h) Old drainage system i) 

ii) 

ill) 

(1) Improved drainage 1) 

system 

Ii) 

ill) 

(j) Water table after 

drainage improvement '• 


138 hectafes (345 acres) 

Flat 

Deep silty-loam (sub-soil 
very dense and compacted) 

3100 mm 

25 to 45 cm 

local rainfall 
Adequate 

Lateral drains : Depth = 45 cm 

Spacing = 12 m 

Length = 1500 m per ha 

Sub-main drains ; depth = 75 cm 

spacing = 40 m 

Length = 500 cm per ha 

Main drain : depth = 100 cm 

Lateral drains : depth = 105 cm 
Spacing = 25 m 
Length = 400 m per ha 
System = Gridiron 

Sub-main drains : depth = 120 cm 
Spacing = 100 m 
Length = 200 m per ha 

Main drain : depth = !50 cm 
Deeper than 90 cm 


The economic evaluation of drainage Project No. 4 is given in Table 

10 . 6 . 


Table 10.6 Economic Evaluation (cost benefit analysis per hectare) 


Period 

Cost of 
drainage 
,R8 

Interest 

Rs 

Total 

cost 

Rs 

kg/ha 

Return 

Contribu- 
tion Rs 

BalancetRs 

1st yr. 

2155 

269 

2424 



636 

2nd yr. 


34 

234 

516 


8221 

3rd yr. 

■i 

34 

234 

526 

7890 

■*■16905 


The cost benefit ratio > 1:5.65 
^Interest on balance o 12.50% 


s liMson^ from interest Is Included 

inf,4 




ProJect'No. 5 : Drainage of Flat Sandy-Loam soil under tea plantation 
Tedinlcal details : 

(a) Project area •_ 555 hectares (1386 acres) 

(b) Topography • Flat 

(c) Soil : Deep Sandy-loam 

(d) Average rainfall • 4000 ram 

(e) Water table before • 45 cm 

drainage 

(f) Source of waterlogging : Local rainfall 

(g) Drainage outlet ; Adequate 

(h) Old drainage system 1) Lateral drains : depth = 60 cm 

Spacing = 7.5 m 

Length = 1200 m per ha , 

11) Sub-main drains : depth * 90 cm 
Spacing = 400 m 
Length = 500 m per ha 

111) Main drains : depth = 100 cm 

(i) Improved drainage 1) Lateral drains : depth = 105 cm 

system Spacing = 33 m 

Length- = 300 m per ha 
System = herringbone 

ii) Sub-main drains : depth =- 120 cm 
Spacing = 100 m 
Length = 100 m per ha 

Hi) Main drain;; : depth = 150 cm 


: Deeper than 90 cm 

(j) Water table after 

drainage improvement 

The economic evaluation of drainage Project No, 5 Is given In Table 10, 
Table 10.7 Economic evaluation (cost benellt analysis per hectare) 


Period 


Cost of 
drainage 
Rs 


Interest Total 
Els cost 
Rs 


Contribu- 
tion Rs 


Baiance^Rs 


1st yr 2750 
2nd year 100 


* 206 
♦ 6505 


The cost benefit ratio • 1:2.03 
^Interest on balance 0 12.50% 


Note : The Income from Interest Is Included 

1S4 


Pr<^)eet No, 6 t Drainage of Shallow Sandy-Loam soil under tea plantation 


Tedudcal details : 


(a) 

Project area 

• 1 14 hectares (285 acres) 

(b) 

Topography 

: Flat 

(c) 

Soil 

• Shallow Sandy-loam 

(d) 

Average rainfall 

• 3500 mm 

(e) 

Water table before 
drainage 

• 20 to 45 cm 

(f) 

Source of waterlogging : Seepage and local rainfall 

(g) 

Drainage outlet 

• Partly restricted 

(h) 

Old drainage system 

i) Lateral drains : depth = 60 cm 
Spacing 13 m 

Length = 1550 m per ha 



ii) Sub-main drains : depth = 90 cm 
Spacing = 40 m 

Length = 300 m per ha 



ill) Main drains : Nil 

(i) 

Improved drainage 
system 

1) Lateral drains : depth = 105 cm 
Spacing = 30 m 

Length = 300 m per ha 

System = Herringbone & Gridiron 



ll) Sub-main drains : depth = 120 cm 
Spacing = 120 m 

Length = 85 m per ha 



ili) Main drains : depth = 150 cm 

(j) 

Water table after 

; More than 90 cm 


drainage improvement 


The economic evaluation of drain^e Project No. 6 is presented in Table 10.8 
Table 10.8 Economic evaluation (cost benefit analysis per hectare) 



Cost of 
drainage 
Rs 

Interest 

Rs 

Total 


Return 

BalancefRs 

1 erioQ 

cost 

Rs 

Yield 

kg/ha 

Contribu- 
tion Rs 


Ist yr 
2nd yr. 
3rd yr. 

2355 

200 

200 

294 

34 

34 

2649 

234 

234 

265 

448 

478 

3975 

6720 

7170 

+ 1326 
+ 7978 
+ 15911 


The cost benefit ratio =» 1:5.10 
♦Interest on balance @> 12.50% 


Note : The income from Interest is Included in Column 7. 


IS5 



The economic evaluation of six different projects indicated the vari 
tions in cost due to difference in soil structure and rainfall pattern et 
Accordingly the benefits from Improved drainage also varied. 

The additional benefits due to better utilization of inputs like fertil 
zers and reduced expenses on control of weeds and pests have not bee 
taken into account here for estimating totaf benefits. It is quite obvious the 
improved drainage will play a significant role in increasing the yield c 
mature tea areas in N.E. India. In addition, the adoption of scientific drai 
nage system in the extension and replanted areas in future will also give 
major boost to the productivity of young tea areas of N.E. India. * 
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IMPORTANCE OF DRAINAGE IN TEA 
J.Chakravartee 


Considering the recent scenario of Indian tea production, the industry will have to set 
in gear effectively all its production inputs towards achieving the targeted production by 
the turn of the century. Drainage has been recognised as one of the major inputs by various 
expert bodies/ committees set up by the Government. Efficiency of different inputs 
increases only when the tea plants are grown in a well drained condition. 

It is estimated that India will require around 1000 million kg of made tea by the turn 
of the century in view of the fast increasing domestic demand and to retain its share 
of the world tea market in the coming years. Since North East India produces around 
75 per cent of the total tea in the country, its share of production comes to 750 million 
kg by 2000 A.D. It is therefore, apparent that unless the production targets are consistently 
and systemetically persued, it is bound to jeopardise both the domestic intake and the 
vital export profiles. 

It is roughly estimated that over 2,00,000 hectare of tea lands suffer from waterlogging 
and require scientific drainage system. In addition, about 50,000 hectares of marginal/sub- 
marginal land available with tea gardens can be reclaimed for tea plantation through 
scientific drainage and soil management techniques. 

Drainage in tea deals with disposal of surface and sub-surface water. The objective of 
surface drainage is to remove excess water from the surface of land through land grading, 
construction of ditches and improving natural channels, and to control of valuable top 
soil loss by erosion. Sub -surface drainage is for removal of excess gravitational water 
from the root zone to attain equilibrium of soil-air-water status required for plant growth. 
For an effective and ecnomic drainage improvement, good outlet is a prime necessity. 

Our problem starts here. The Brahmaputra and the Barak river dominates the valley 
forming the tea growing areas of the north eastern India. The region receives heavy 
downpour due to South West monsoon in four months (July to October) which is about 
60 per cent of total annual rainfall. Several severe earthquakes shook the region in the 
recent past causing heavy land slides. These sediments were carried by the river and 
deposited on the river bed downslope. Rapid unplanned and indiscriminated deforestation 
also took place in the upper catchment and increased the sediment load of the river. 
Reduction of forest covers made the flood flashy. Flashy flood caused erosion of river 
banks. Due to siltation of river bed the drainage base was gradually rising which induced 
waterlogging of fresh areas year by year. The figure below bears the testimoney of how 
river beds aggravating with time (Fig. 1 ). 
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Fig.l. Brahmaputra water levels at Dibrugarh (From IND.J.of Irrigation and Power, 
January 1964, paper by G.M.Panchang). 


Root development of a tea bush is connected with drainage condition. If drainage is 
inadequate and water table remains high during the growing period, the tea hush developes 
a shallow root system and in servere cases even starts decaying of the roots. Assured 
drainage to maintain water table at a minimum depth of 100 cm is the basic need for 
growing tea. Various factors including flood often hamper drainage. Some of such 
factors are: 


(1) Culverts and bridges of inadequate size both inside and outside tea estates including 
those provided on the national highways and railway lines. 

(2) Heavy siltation of natural water ways or, blockage of natural water ways which 
otherwise would have served as outlets. 


(3) Unplanned roads, bunds and even straight roads and drains inside the estate to obtain 
regular shaped fields (Sections) without considering the topography. 

Soil is one of the basic resources on which all plants and animal life depends. Although 
man’ s use of land can often have damaging effects on the soil, such effects can be minimised 
by careful handling of the basic resources (i.e. soil, water and vegetation). This is called 
planning. 

Planning with futuristic approach is essential in tea cultivation which is a perennial crop. 
Whatever we do we have to do for our benefit and survival. Unless our actions are based 
on conservation, much developments will continue to have unacceptably harmful! side 
effects, provide reduced benefits or, even fail altogether. Normally tea estates are diveded 
into sections on an arbitrary basis. Boundaries between estates are again arbitr^. Straight 
lines are drawn across the map and demarketed on the land by straight drain or vacant 
strip of land. All these straight roads and drains, regular shaped fields, strai^t tea rows 
are against the principle of conservation and often cause problems in planning drainage 
net work in the tea estate. 
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Besides these there are problems of different nature associated with waterlomne in tea 
fieids.Thcy are: ^ ^ 

(i) Restricted outfall 

(ii) Seepage from upper catchment 

(iii) Run-off from upper catchment 

(iv) Drain side collapses 
|v) Sand boiling 

(vi) Smaller drain size 

(vii) Wrong placement of culverts. 

(viii) Weed growth on the drain beds 

(ix) Ponding due to uneven land surface 

(x) Sub-soil impermeability. 

(xi) Artesian spring. 

These problems will be adequately dealt with during the next four days. 

As a factor limiting plant growth over the land surface of the earth, water probably is 
foremost in importance. We all know that the distribution of rainfall in N.E. India is uneven. 
The monts of November to March are normally dry and the period from May to October 
is very wet. In addition , there is a problem of receving about 60 per cent of the total 
rainfall at intensities of sufficient magnitude that can cause erosion. Added to this, rise 
of underground water into the root zone or even higher (say 30-40 cm of soil surface) 
in low laying areas also cause immense problem to tea plant causing gradual decline in 
yield. 

■"Waterlogged plants exhibit prominent symptoms which should be taken as a guideline 
for investigating the causes of waterlogging and also for finding out solutions. These 
symptoms are: 

1 . Scanty shoot production. 

2. Yellowing of leaves and premature defoliation. 

3. Dieback of plucking points and poor recovery from prunning. 

4.Infection by violet root rot and red rust diseases. 

5. Shallow root system and more severe drought damage in the cold weather. 

6. Loss of vigour and finally death of plants. 
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India and these are: 

( 1 ) Blockade of natural outlets owing to unplanned land use leading to erosion and 
siltation — ^These could also be due to urbanization and unplanned actions of the 
field management practices in agricultural field. Seen in Makum, Dibrugarh, 
Sibsager and Nagaon areas. 

(2) Land locked conditions-No natural drainage base is available nearby. Seen in Jorhat, 
Sibsagar, Dibrugarh areas. 

(3) Sand boiling-caused by pressure exerted by seepage water on light textured soil. 
This causes the canal bed to rise and create a sand boiling situtation. This was 
noticed in an estate near Amguri. 

(4) Man made obstruction of natural water ways-Normally associated with industrializa- 
tion. Seen in an estate near Lukwah. 

(5) Coarse textured soil in the lower layer of soil profile -causing unstable drain 
condition and subsequent restricted flow. 

All these problems with possible solutions will be discussed during the next four days. 
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HYDROLOGY OF MICRO-CATCHMENT 


P-K. BORDOLOI 


The design of an agricultural drainage system requires a good understanding of the 
occurance and nature of movement of water in the soil as well as of surface runoff. The 
science that deals with distribution of water on the earth, beneath the surface and in 
the atmosphere, in different form, is called Hydrology. 

l.l.Thc Hydrological Cycle: In this lecture we will discuss the portion of Hydrology that 
is relevant to drainage in tea. Atmospheric moisture travel towards the earth surface, 
in north east India in the form of rain and sometimes hail. The portion of water reaching 
the ground may follow several paths, some will evaporate back into the atmosphere, some 
will infiltrate in to the earth. If rainfall intensity exceeds the combined infiltration and 
evaporation rates, puddles will form. Water retained in puddles is said to be in depression 
storage. 

As the puddles fill and overflow, water begins to move across the surface, along the 
depression, towards the drainage base. This drainage base may be a drain, a hullah, a 
stream or a river. This water is called surface runoff. 

The water that infiltrates into the ground, first enters root zone of the soil. This water 
may return to the atmosphere through evaporation from the soil surface and transpiration 
through the plants. Soil layers can hold water upto field capacity of the soil under balanced 
condition. If water is added to soil zones beyond field capacity it fills up the macropores 
present in the soil and passes to a lower zone called saturation zone or ground water 
zone by percolation. Water leaves the groundwater zone by capillary action in to root 
zone and by seepage into streams. 


1.2 Source of waler in mkro-oitchment: Let us seperatc the surface and subaurface 
water of the hydrologic cycle as follows (Fig. 1 and 2): 




ev<x^o- 





/lirU 


r.'j. i 
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(P-ET+Ri-Ro-1) A = Surface storage (Ss) (1) 
(I+Gi-Go) A * Ground storage (Sg) (2) 

Where, 

P= rainfall 

Ri= Runoff from upper catchment 
Ro ^ RunofT at ou^t, 

I == Infiltration 

ET= Evapotranspiration 


A = Drainage area 
Go = Seepage from the catchment 
Gi = Seepage from upper catchment 
Adding both the equations 

A [ P *♦■ ( Ri-Ro) + (Gi-Go) — ET ] = Total Storage (S) 
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Increase in the total storage leads to water logging. Therefore, for a good drainage, water 
management system should be able to reduce this storage. Out of these parameters, 
precipitation cannot be controlled. Runoff inlet (Ri) can be controlled/ stopped by constru- 
cting embankment encircling the periphery of the estate. Subject to outlet condition, 
properly graded channel can increase the discharge rate |Ro) by gravity or by pumping. 
Seepage from upper catchment (Gi) can be diverted by interceptor drains or by constructing 
physical barriers. Field drains of suitable depth and spacing or pipe drains can increase 
the rate of seepage outflow (Go) from the catchment. If the area (A) is bigger one, then 
it can be divided in to small subcatchments so that the total storage is reduced. Then 
the equation becomes 

A. (P-ET-Ro-Go)= S 


1.3. Surface slopes: The combined effects of surface flow, groundflow shed rainfall off 
the slope and cause water to be accumulated in valleys and hollows. Groundflow often 
caused continued accumulation of water in collecting sites after the rainfall has stopped. 
It has a significant effect on the groundwater table which is also confirmed during various 
field trials conducted by TockJai. Thus the general level of the ground water table is 
determined by the topography of the areas. Therefore, topography governs both surface 
and subsuface flow. The topographic features can be determined by level surveying. 

1.4. Investigation of surface and sub-surface drainage: 

1.4.1. Surface Drainage: For planning and designing of drainage projects following data 
are to be collected - 

( 1 ) Topographic survey 

(2) Soil survey-physical properties 

(3) Rainfall 

(4) Average and high flood level of drainage outlet 

(5) Profiles and cross-section of existing drain 

(6) Drain stability 

(7) Cross-drainage works. 


1.4.2. Sub-surface drainage: Informations of soil, sub-soil, ground- water table are 
needed to be collected in the following manner: 

( 1 ) logs of sub-soil, 

(2) hydraulic conductivity 

(3) level of groundwater table and its fluctuations. 
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1.5. Types of drainage problem 


The most typical drainage problems faced by the tea industry are restricted outlet, 
higher ground water table , seepage water , artesian flow and safe disposal of water 
from sloppy land. 

Out of these, disposal of excess water surface and sub- surface, surface disposal is easier 
and can be managed. But disposal of sub-surface water is problematic as the flow of 
subsoil water is influenced by physical properties of soil. By keeping the drain water 
level low, potential of movement of ground water can be increased but rate of flow is 
govern by hydraulic conductivity of the soil. 

Since ground water movement is very slow, therefore, efforts should be made to reduce 
the load of excess soil moisture. Higher water level in the drains cause reduction in potential 
difference, which in turn, will retard the flow of ground water. It causes the root zone 
to submerge leading to water logging. Seepage from upland helps in building up of water 
table, as well as by the deep percolation of puddled water. Efforts should be made to 
reduce the effects of the agents causing water logging of the root zone. 

Restriction of outlet, will cause drain water to build up and even at times can inundate 
the tea areas. In such areas development of artificial outfall will be necessary. Runoff 
from higher catchment can be prevented from entering to tea areas by constructing physical 
barriers-like earthen dike or bund. The seepage flow can be stopped by means of cut 
off contour drain at the base of the slope and along the periphery of the estate. To reduce 
puddling, land grading before planting and filling up the uneven surface in case of 
established tea, should be undertaken. 

t.6. Aim of drainage: The aim of the drainage planning is to remove the excess moisture 
in the root zone, as early as possible, so that the soil returned to field capacity without 
doing any harm to the bushes. Therefore, quick and safe disposal of water from the 
catchment forms the basis of the drainage design. 

The basic hydrologic equation is, rate of inflow- rate of outflow = rate of change of storage. 
Building of storage leads to waterlogging. The measures to be taken to reduce the inflow 
is already discussed. By augmenting the outflow rate waterlogging can be reduced preve- 
nted. To augment the outflow-development of outlet should be given the top priority. 
Without a proper outlet, drainage planing cannot be successful. Hence for an efficient 
drainage layout development of outlet should be taken up first. Therefore, the principle 
of planninng of drainage system isTrom ‘whole to part’ aiming at lowering of watertable 
below root zone depth without doing any harm to the bushes. 
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IMPORTANCE OF TOPOGRAPHIC SURVEY IN 
PROPER LAND USE AND DRAINAGE PLANNING 


N.BORPUJAIU 


introduction 

Soil is one of the basic resources on which all plant and animal life depends. It possibly 
takes millions of years for the nature to produce a foot depth of top soil, but unplanned 
land use by man can destroy it within a couple of years. Loss of soil by way of erosion 
is the major concern of modem agriculture and tea is no exception. With proper land 
planning and conservation measures we can use the soil to our advantage to sustain 
productivity in perpetuity. 

SoUs have limitations and differ in their capabiUty to support and sustain plant gro^. 
Based on kind and degree of limitotions, soils are classffied into various land capabibty 
classes shown hereunder. Such land classification is appUcable to tea areas also so that 
decisions on diversification, replanting, management and conservation needs existing tea 
areas can be taken. 


CLASS I: Very good land in all respect and can be cultivated safely with 
minium conservation measures. 

11; These are also good land having erosion hazards. 

Ill: Moderately good land needs special soil conservation measures. 

IV; Moderately good land with serious crosional hazards. 

V: Swampy, stony and old river course, unsuitable for cultivation. 

VI; Land with steep slope, subject to severe soil erosion. Suitable for 
grazing and forestry purposes. 

VII: Steep slope, having severe erosional hazards, suited only for 
grazing, forestry and plantation crops. 

VllI: Land is of no agricultural use 

Several kinds of limitations such as JxUUn ’tM soils. However, 

problem of safe disposal of or’ ^ified classification can be 

for management of tea soils, a more simphnw . ^ of the factors that 

adopted based on the current knowledge and understanaing oi 

influence the growth of tea. 
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For classification of tea soils factors like texture, and soil depth, permeability, 
slope, transitional and mottled layer, out fall are taken into consideration and 
based on these factors, areas in a tea estate can be classified for adopting the best 
soil, water and bush management practices. An example of such a classification is 
given below : 

CLASS I: Land subject to few limitations, such as not prone to erosion, 

adequate soil depth and easily drainable. Only limitation of 
maintenance of soil fertility. 

~ Generally high flat lands and or with mild undulations. 

H: Land subject to moderate limitations, e.g. not prone to erosion, 

moderately permeable sub-soil layer, but limitations on 
maintenance of soil structure, fertility and sub-soil drainage. 

~ Generally flat lands with heavy soil texture. 


IIB: Similar limitations as above but main limitations imposed by high 

water table, deterioration of soil structure, needs intensive measure 
for improvement of land drainage. 

~ Generally flat lands of low elevation. 


in: Land subject to severe limitations such as high susceptibility to 

erosion. A combination of intensive drainage and mechanical soil 
conservation measure are needed for permanent land use. 

- Generally undulating and hilly lands. 


Studies carried out in the past indicated that majority of the land under tea have 
limitations imposed by sub-soil drainage, maintenance of soil structure, soil fertility 
and moderate to severe susceptibility to soil erosion. These lands, therefore, can 
remain under tea for a long period provided it is properly drained, fertility is 
maintained and adequate care is taken to preserve the top layer of the productive 
soil. 


LAND USE PLANNING 

In a tea estate for formulating a proper land use Master Plan, the following are 

essential : 

1. A layout map of the tea estate where roads, paths, sectional boundaries, 
buildings, natural waterways, bridges, culverts etc. are clearly marked. 

2. A topographical map of the tea estate for delineating the watersheds, major 
and minor catchments for planning and land use. 

Appropriate survey is, therefore, necessary to prepare the document for finalising 
the land use and drainage plan. 
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land SURVEYING 

1. For Area determination : 

(i) Chain Triangulation or Chain Survey 

In this method of surveying, the surveyed area is divided into 
triangles in the field and the area is computed from the sides of the 
various triangles. All the internal details are filled in during the 
survey and on the basis of the information, a detailed lay out plan 
map of the estate is prepared. 

(ii) Plane Table Survey 

Plane table survey is a graphical method of survey where the field 
work and the plotting are done simultaneously in the field. .All the 
internal details are filled in during the survey work and the map is 
drawn as the survey work proceeds. This method is best suited for 
open country where obstacles are few. 

2. For Topography determination : 

Level Surveying 

For topographical planning, level surveying is used. In this method the 
relative heights or the difference in elevation of various points on earth’s 
surface is measured and a topographical map is prepared. 

In level surveying the following terms are commonly used: 

Level line or Level plane 

The example of a level plane is best typified by the water surface of a still 
lake where the curvature of the earth’s surface is clearly exhibited (Fig.l). 
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Hoiizontal Lines 

A horizontal line runs tangential to the level line or plane. 

Datum line or surface 

From a datum line or surface the elevations or vertical distances are 
measured. The elevation of a datum line or surface is arbitrarily assumed. 

Reduced level (R.L.) 

The points of relative elevations or depressions on earth’s surface with 
respect to the datum line or surface is known as the Reduced level. 

Bench mark 

Field reference points of known or assumed elevation is called Bench 
marks. 

Line of collimation 

This is an imaginary line which connects the cross hair and the eyepiece of 
the levelling instrument with the object in a straight line. (Fig.2) 


EYE 



Vertical axis 

This is the centre line of rotation of the instrument. 

Back sight (BS) 

The first staff reading taken on a bench mark is called a Back sight. 

Fore sight (FS) 

Fore sight is the last staff reading taken on a point whose elevation is to be 
determined before shifting the instrument to a new position. 
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Intermediate sight (IS) 

All the staff reading taken on points between Back sights and Fore sights are 
known as Intermediate sights. “ 

Change points (CP) 

During the course of survey the levelling instruments is shifted to new places 
for convenience which are called the Change points. (Fig. 3) 
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Fig. 3. Change points (CP) 


Height of instrument (HI) 

The elevation of the line of collimation, when the levelling instrument is 
correctly levelled, is called the Height of instrument. 


LEVELLING INSTRUMENT AND EQUIPMENTS 
Dumpy level 

It is a simple, compact and stable levelling instrument commonly used for level 
surveying. The telescope is rigidly mounted to its supports and therefore, it can 
neither be rotated about its longitudinal axis not can be removed from its 
supports. (Fig. 4) 

Levelling staff 

These arc wooden graduated staff normally 5 m long when fully extended and used 
for taking reading by a dumpy level. The staff is graduated in metre, tenths and two 
hundredths and the figures are painted in different colours. The metre figures are 
painted in red on the left, the odd tenths of the metre in black on the right and the 
two hundredths are indicated by alternate white and black spaces on the levelling 
staff. 
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Fig. 4. Dumpy level. 


Chain or tape 

Steel chains or tape are required for measuring horizontal distances. The chain can 
be either Gunter’s chain or Engineer’s chain with different links lengths. 

Level field book 

For recording the staff readings, stations, distances and other details, field books 
are necessary in level surveying. 

Bamboo stakes 

Sufficient numbers of bamboo stakes are necessary for marking the survey points 
on the ground. 
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procedure of level surveying 

1. Preliminary works 

Before commencement of surveying, the scale of the map should be decided as 
follows: 


Scale 

Area 

Spacing of grid point 

40 cm to 1584 m 

240 ha(600 ac) or more 

50 - 60m apart 

80 cm to 1584 m 

120 ha(300 ac) to 24a ha 
(600 ac) 

30 - 40m apart 

160 cm to 1584 m 

Less than 120 ha (300 ac) 

10 - 20m apart 


Having selected the site and the scale of map for level survey, the area should be 
surveyed with the help of either Chain and compass or by Plane table and 
accurately measured. The area is then divided into equal grids and each grid point 
is marked on the ground by driving numbered bamboo stakes on each point. These 
grid points should tally accurately with map of the area drawn on the survey sheet. 

Staff readings with the help of a dumpy level ate taken on each grid point and the 
reduced level of each point is then calculated. On the basis of these figures, 
contours are drawn on the map later in the office. While dividing the area into 
grids, it should be remembered that on slopy areas the grids should be closer and 
on flat land these can be spaced out accordingly. (Fig. 5) 



Fig. 5. Area is divided into equal grids 


2 , Setting up of the Dumpy level 

a) Fixing the instrument on the tripod. 

After releasing the clamp screw, hold the instrument firmly and fix it on the 
tripod by rotating the lower part to screw the instrument properly in the 
grooves. 

b) Focussing the eye-piece 

Remove the cover from the end of the object glass of the telescope and hold 
a piece of white paper in front of it. Now move the eye-piece in and out until 
the cross hairs are clearly seen. 

c) Leg adjustment 

Place the instrument in a desired position at a convenient height for sighting 
by spreading the legs well apart. Bring the levelling screws in the centre of 
their run. Fix firmly any two legs on the ground by pressing with hand and 
move the remaining leg right or left until the main bubble on the telescope 
comes to centre. 

d) Focussing the object glass 

Aim the telescope on the staff and by looking through the eye-piece bring 
the image on the staff between the two verti cal hairs of the diaphragm by 
lightly tapping the telescope. Now adjust the object by turning the focussing 
screw to eliminate the par^lax. 

e) Levelling up of the instrument 

Bring the telescope parallel to a pair of foot screws and turg these screws 
either inward or outward to bring the bubble to centre. Turn the telescope 
to its original position without reversing the position of the eye-piece and 
the object glass end. Turn the foot screws again inward or outward until the 
bubble comes to centre of its run. Repeat the operation again and again 
until the bubble remains in the centre of its run in both the positions. If the 
instrument is correctly levelled then the bubble will remain in the centre for 
all directions of the telescope. 

f) Reading the staff 

For reading the staff, it should be positioned on the station vertically. The 
man holding the staff stands behind it, positions the heel of the staff 
between his toes and holds the staff between his palms at the height of his 
face. 

While taking staff reading, bring the figure on the staff between the two 
vertical hairs of the instrument and use the portion of the horizontal cross 
hair where it cuts the figure. First note the red figure then the black figure 
and finally count the spaces for recording the reading. 
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which the method of levelling is based is shown below 

(Fig. 6) : 



Fig. 6. Principle method of levelling 

The dumpy level is set up at a convenient position say at point P and Back 
sight taken on a Bench mark. It is placed in such a way so that the staff 
readings at A, Al, A3 and so on can be taken whose levels are to be 
determined. The horizontal distance between the stations are measured with 
the help of tape or chain on the ground. 

The straight line al, a2, a3 etc. is the line of collimation of the instrument. 
The staff readings at points A, Al etc. are the vertical distances of the points 
whose levels below the line of collimation are required. The staff reading of 
these points are then recorded on a field book. On reaching point A3, the 
instrument is shifted to the new position Q and the line b, bl, b2 etc. 
represent the new line of collimation and the reading of the staff continues 
from the new position. 

SYSTEM OF BOOKING LEVELS 

The following systems are used for booking a series of staff readings on a level 
book : 

i) The Height of Instrument or Height of Collimation system 

ii) The rise and Fall system 
Height of Instrument system 

In this system the plane of collimation is found out for every set up of the 
instrument and the reduced levels of all the points with reference to the respective 
plane of collimation are calculated. 
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The following table shows a page from a level book for Height of instrument 
system of booking. The staff readings from the above figures are used to till in tne 
columns and the reduced levels are calculated as follows ( Table 1 ) : 


(Table 1) 


Station 

Distance 

Back 

Inter- 

Fore 

Height 

Reduced 

Remarks 


in metre 

sight 

mediate 

sight 

of Instni- 

level 





sight 


ment 





0.540 



591.610 

591.070 

ON OBM 








591.070 

A 

0 


2.140 



589.470 


Al 

10 


2.440 



589.170 


A2 

20 


0.640 



590.970 


A3 

30 

1.580 


0.630 

592.560 

590.980 

(CP) 

B 

40 


2.020 



590.540 

B1 

50 


3.380 



589.180 


B3 

70 



3.930 


588.630 


Checks; 


2.120 


4.560 


591.070 - 

588.680 



4.560 - 

2.120 = 

2.440 

= 

2.440 


Mter levelling the instrument, the first staff reading 0.540 taken on OBM 
(Observed Bench Mark) 591.070 is always entered as Back Sight (BS) and all the 
subsequent re^ings, except the last, for any particular set up are entered as 
Intermediate Sights (IS). The last suff reading either at the Change Point (CP) or 
at the end of days work is entered as Fore Sight (FS). The staff reading at OBM 
0.540 IS then add^ to the OBM of 591.070 to calculate the Height of Instrument 
which IS 591.610. All the subsequent readings on points A, Al, A2, A3 etc. are 
intermediate Sights. Before moving the instrument to a new position, the last staff 
reading taken on that point will be Fore Sight (FS). The Reduced Levels of these 
g)inu are calculated by substracting the staff readings of all these points from the 
ncigni of Instrument. 

The instrument is then moved to a new position (CP) Q while the staff is still being 
held at A3. As explained earlier, before moving the instrument, the last staff 
reading is taken at point A3 will be recorded as Fore Sight (FS). After setting up 
the instrument at Q the first staff reading taken at A is called the Back Sight (BS) 
and tere it is required to calculate a new Height of Instrument for the present set 

orA^'?-i9o“iRnffp‘’^Q‘'o ‘0 the Reduced Level 
of A3 (590.980) i.e. 592.560 and thereafter the Reduced Levels of all the 

Height oTlnstramen” “ substracting the staff readings from the new 

needs to be checked by adding up all the Back Sights 

(BS) and Fore Sights (FS) separately and substracting the lesser of the sums frLi 
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the greater. The difference obtained should be same as the difference of the 
and the last Reduced Levels. In the above example, this is calculated as follows 


first 


SUM OF FORE SIGHTS 
SUM OF BACK SIGHTS 

= 

4.560 

2.120 

Difference 

= 

2.440 

FIRST REDUCED LEVEL 

SB 

591.070 

LAST REDUCED LEVEL 


588.630 

Difference 

SB 

2.440 


Therefore, both the differences are equal and the survey work is correct 
Rise and Fall System 

In this system, in the level book, instead of Height of Instrument column, rise and 
fall columns are given. The following table is representing a page of level book 
under rise and fall system ( Table 2 ) : 


(Table 2) 


Sin. 

Dist 
in (m) 

Back 

sight 

Intenne- 

diate 

sight 

Fore 

sight 

Rise 
( + ) 

Fall 

(•) 

Reduced 
level in 
metre 

Remark 



0,540 





591.70 

OBM = 









591.070 

A 

0 


2.140 



1.600 

589.470 


A1 

10 


2.440 



0.300 

589.170 


A2 

20 


0.640 


1.800 


590.970 


A3 

30 

1.580 


0.630 

0.010 


590.980 

(CP) Change 









point 

B 

40 


2.020 



0.440 

590.540 


B1 

50 


3.380 



1.360 

589.180 


32 

60 


3.820 



0.440 

5888.740 


E3 

70 




3.930 

0.110 

588.630 



2.120 

4.560 1.810 4.250 591.070 - 588.630 

Checks: Sum of FS 

- Sum of BS * 2.440 

Sum of Rise 

- Sum of fall = 2.440 

First RL 

- Last R1 - 2.440 


The first staff reading (BS) on OBM 0.540 is substracted from the "“rmediate 

sight on point A 2.140 and the result is booked in column Fall as Jf ^Jirst staff 

reading on OBM is higher than the second staff reading on 

continues down the page, each* staff reading is u Kook«i in 

and if this reading is bi^er than the previous one, the 

Fall column and if the difference is smaller then it will come under Rise column. 


The Reduced Levels are found by adding successively all Rises and substractmg all 
Falls from the previous Reduced Level. 


19 



ERRORS IN LEVELLING 


Instrument 


The instrument should be in perfect adjustment and the line of collimation must be 
parallel to the bubble line. Both of them must be at right angle to the vertical axis. 


Errors in manipulation 


While taking Back Sight or Fore Sight, if the bubble is moves out of centre, then it 
should be brought to the centre by turning the screw(s) which are nearest in the line 
with the axis of the telescope. Once the adjustment is done do not touch the legs of 
the Dumpy level. The error increases with the increase in the staff reading and is 
maximum when the reading approaches the top. 


Errors due to settlement of level or staff 


If either the legs of the instrument or the staff settles down on soft ground, the 
bubble gets disturbed. Therefore, both the level and the staff should be placed on 
firm ground. 


Errors in sighting 


The common error is due to parallax. Therefore, the eye-piece should be focussed 
properly to eliminate this problem. 


Bubble correction 


If the bubble moves out of the central position, bring the telescope parallel to the 
first pairs of the foot screws just to see whether it returns to the centre. Then the 
telescope to far end and note its departure from one half of its departure i.e. n 
divisions by turning the capstan-headed nut at one end of the tube which connects 
the bubble tube to the telescope and the other half by turning the foot screws and 
bring the bubble to the centre. It may require one or more trials to do this. 
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the interpretation of contour lines 


Contour lines are drawn on the survey sheet by joining the points of equal heights 
(Reduced Level). The specimen of a level survey map showing the reduced levels 
of grid points and the contours is given below: 


199.74 198.75 198.52 198.58 198.54 



1 


Fig. 7A. Grid Points and Contour Lines 
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From the above figures you will notice that the area enclosed by 198.00 m and 
198.50 m; 199.00 m and 199.50 m contours has a flatter topography compared to the 
remaining area.In the north east side where the contour lines are spaced closely the 
topography is steeper.ln this situation we can mark out two sites for main drains 
along the depressions i.e.along the lines AB and CD. 


INTERPOLATION OF CONTOURS 

To maintain the desired contour intervals, depending upon the slope, contour lines 
will have to be spaced out in the map by interpolation. The method is described 
below (Fig. 8) : 



Fig. 8. Interpolation of contour lines. 

For our discussions, let us take the area enclosed by 4 grid points from Fig 7. Here 
we see that grid point A has 197.24 m RL and grid point B has of 196.38 m 
RL.This means grid point A is higher than point B and the vertical interval between 
them is 0.86 m.Now within this square,we can draw two contours having 196.50 and 
197.00 RLs. It is clear that the point 196.50 m RL is available on lines AD , BD 
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and DC. The line DC is divided into 50 parts for which the difference of level is 
0.16 m(196.54-96.38) between points D and C. To locate the point of RL 196.50 we 
have to add 0. 12 to RL 196.38 and, therefore, from D the point 196.50 m RL will be 
at 50 X 0.12/0.16, i.e, 37.5 divisions away from point D.The point of RL 96.50 m is 
then located on the line and marked. The line DA is divided into 50 parts and the 
difference of level between D and A is found which is 0.86 m.The point of RL 
196.50 m is located similarly 50 x 0.12/0.86, I.e. 6.97 divisions away from D.This 
point is marked on map.If we join the diagonal BD,to locate the point RL 196.50 
on this line,it will be necessary to divide the BD line into 50 parts.But here the each 
part is / 2 times greater than each division along the line DA and DC. With the 
same method the point RL 196.50 m is located on BD line 50 x 0. 12/04, i.e. 26 
divisions away from D.This point is marked on map. These points can be joined by 
free hand to draw the contour of RL 196.50 m. Similarly along line AD the point of 
RL 97.00 will lie 50 x . 

Now we need to draw the other contour of RL 197.00 m.From the above diagram it 
can be seen that the point of RL 197.0 m can lie on lines BA ,CA and DA only. The 
level difference between A and B is 0.86 m and to get the point of RL 97.00 m 
along line AB,we need to reduce 0.24 from RL 199.24.Therefore,the point of RL 
197.00 will lie 50 x 0.24/0.86 i.e. 14 divisions away from point A in the line AB. The 
point of RL 197.00 along the diagonal AC,will lie 50 x 0.24/0.70 i.e. 17.1 divisions 
away from point A. These points than should be joined by free hand to draw the 
contour of RL 197.00. 


LOCATION OF CONTOURS IN THE FIELD 

After drawing the contours on topographical map, it is necessary to locate the 
contour lines on the ground so that we can use them for our purpose. For locating 
the contours on the ground with the help of the topographical map, the following 
procedures should be followed. 

A bench mark is established near the site of the survey and then the level is set up 
in a commanding position and levelled accurately. The Height of Instrument(HI) is 
determined by taking a Back Sight(BS) on bench mark and additing it to the 
reduced level of the bench mark. From the known elevations of the contours and 
H.I., the required staff readings to fix points on the various contour linesfcontour 
points) are obtained to the first place of decimal by substracting the elevation of 
each of the contours from the Height of Instrument. 
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SOME COMMON DEVICES USED IN 
DRAINAGE INVESTIGATION 

H.GOSWAMl 


INTRODUCTION 


To layout an effective drainage system some investigations on soil and hydrological 
properties of the area are necessary. A faulty drainage system can cause an irrepairable 
loss to the land and productivity. Investigations, therefore, are required before installation 
of a drainage system. Some of the common devices which are normally used for such 
investigations are discussed below : 


DRAINAGE INVESTIGATIONS 

Drainage projects require survey and investigation of site conditions to determine their 
suitability for the purpose of drainage design. They are enumarated below : 

1. Topographic survey 

A topographic survey map of the area showing all the topographical features are 
essential for drainage planning. 

2. Water table records 

This investigation will give the fluctuation of water table during the rainy season 
which will indicate the extent and magnitude of water logging of the area. 

3. Physical properties of soil 

Soil physical properties such as texture, and hydraulic conductivity are important 
in designing drains with proper shape, side slope and spacing. 

4. Study of soil profile 

Soil profile up to a depth of 1 .50 m is required to find out the layerification and 
stability. These informations are used to decide the depth as well as the shape 
of the drain. 

5. Investigation on seepage flow 

If there is seepage flow of water from a neighbouring area it should be intercepted 
by laying out an interceptor drain at pioper location. 

6. Flood 

Data on extent and frequency of seasonal flood should be collected. Average 
flood level and the highest flood level of the river or stream during the monsoon 
season should be recorded. The duration of the flood should also be known. 
This information is required to decide the depth of the main drain. This also 
gives a measure of the restriction of outlet provided we know the elevation of 
the area. 
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7. Cost and benefit study 

The benefit of the proposed project should exceed the cost. Then only the project 
will be economically viable. 

COMMON DEVICES USED IN DRAINAGE INVESTIGATION 

1. Observation well 



Fig.l. Obacrvallon well 

By observation well we measure the depth of water table from the ground 
surface. Observation wells are installed at diflerent location of the problem areas. 


Installation of observation wells 

( 1 ) Use 100 mm (4**) dia post hole auger with 3 meter extension rod. 

(2) Make a hole, vertically straight, in the soil profile up to a depth of 2.S0 m (8^ 
approx.). 
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(3) Take 3 m (10^) long PVC, rigid pipe of 25 inin dia. Make 2 to 3 mm 
holes (with an umbrella stick) at 25 mm ( 1^) spacing in 4 parallel rows along 
the pipe surface upto 2 m leaving 1 m (3*) at one end unholed. 

(4) Insert the PVC pipe with perforated side down into the auger hole in such 
a manner that upper 50 cm(l'8*)long pipe appears above the ground and 
2.50 m (8^) length goes into the hole below the ground surface. 

(5) Fill-up the annular space around the PVC pipe and below the pipe end with 
12 mm (1/2^) size clean gravel leaving upper 50 cm height, which should 
be filled with powdered top soil only. 

(6) Ensure that the surface water does not enter the hole along the pipe walls. 

(7) Of the 50 cm(r8*)projccted upwards 20 cm |8^^) may be cut away so that 
only 30 cm (f) length is projected upwards. 

( 8 ) Water table will appear in the PVC pipe which can be measured with a suitable 
device ( plopper ) (Fig. 2) 



-hollov 


Plopper. made of 
round solid brass 


Flexlmesur 





Plopper 


an tape fitted with a plopper to measure 
depth of water table 


Fig. 2. 
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(9) Water table should be recorded at least once daily at a fixed hour, say, 9 
O’ clock. 

(10) To see the efficiency of the drainage system one row of observation wells should 
be installed across the drain line. The row of OWs should pass through the 
mid point of the drain length. If water table of a large area is to be surveyed, 
OWs to be installed at 50 m or 100m apart by following grid system. 


2. Automatic water table recorder 

Water level recorder is a labour and time saving instrument for recording 
depth of water table automatically. With the rise and fall of water table a 
drum rotates and stylus moves horizontally with the help of a clock. Due 
to the combined action of those two a continuous water table recording is 
made possible. 


Installation 

(1 ) First a hole of 10 cm (2^') dia is made with the help of a post hole auger. 

(2) A slotted PVC pipe of 9 cm dia and 2.50 m (8') length is introduced into 
the hole so that about 50 cm (8'*) of the pipe is projected upwards. It should 
be fitted with the soil putting some gravels around it. 

(3) A bamboo chang or a wooden table may be used to keep the recorder. 

(4) The float of the recorder is allowed to rest on the water table inside the 
auger hole. A counter weight will balance the weight of the float.. 

(5) A recorder chart of 8 days interval is put around the drum of the recorder. 
The clock is winded. 


0 (> 

zlO 



( 6 ) 


After 8 days the chart is taken out and replaced by a new one. In the chart 
SbiS'*" ‘*“""8 ‘he 8 days period 



Fig. 3. Automatic Water Table Recorder. 

Tensiometer 

With the help of a tensiometer we measure the soil water tension. It consists 
of a tube fitted with a porous cup at the bottom and a vacuum gauge at 
the top. The whole system is filled with boiled and cool water. 
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♦-VACUUM GAUGE 


■ CERAMIC SENSING 
( TIP 



Fig* 4. Tensiometer 


Installation 

( 1 ) Take a metal pipe which is 2 to 3 mm smaller in diameter than the tensiometer 
diameter. 

(2) Hammer the metal pipe vertically straight into the soil gently without disturbing 
the soil to a depth that is 1 5 cm ( 6'*) less than the actual leng^ of the tensiometer 
body. 

(3) Puli out the metal pipe with soil carefully leaving behind a straight undisturbed 
hole in the soil. 

(4) Push the tensiometer body with its porous cup at the end gently into the hole 
to its full length. 

(5) Press the soil around the tensiometer body firmly so that no surface water 
can enter the soil along the tensiometer body. 
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(6) Take reading of soil moisture tension daily at a prefixed time, say 8 a.m. 

or 9 a.m. 

J7) Reading between 0 and 0. 1 show moisture above field capacity, 0. 1 to 0.8 
show available moisture and beyond 0.85 the instrument cannot measure 
the tension. This instrument is therefore useful for wet to moist range of 
soil moisture. 

(8) Start irrigation when 60 cm deep tensiometer reads 0.50, 0.55 in case of 
loamy s^d, sandy loam and loam texture, respectively. 

(9) With 4 to 12 hours of irrigations, the tensiometer reading shall come to 
0.10. A reading higher than 0.10 means that area was underirrigated and 
the reading lower than 0.10 means that area has been overirrigated. 

(10) For desired results, install 3 tensiometers in one place at 30, 60 and 90 
cm depth to monitor the distribution of moisture in entire root zone. 


Rain gauge 


The raingauge recommended by the Indian Meteorological Department consists 
of a funnel $haped collector, a polythene bottle and agraduated measuring cylinder. 
For North East Indian condition a 200 sq. cm. collector is used. A four litre bottle 
with a capacity of 200 mm is used because the catch in a 24 hour period is not 
expected exceede this value. 


I59.6MM M 



Fig. 5. Rainganie 
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, , Fig. 6. Measuring cylinder 

Installation ^ 

( 1 ) The rain gauge should be installed on a level ground. 

(2) It should not be installed near a tree or a house or any other structure. 

(3) The distance between the nearest object and the rain gauge should not be 
less than twice the height of that object. 

Measurement of rainfall 


( 1 ) Rainfall is measured by a measuring cylinder which is graduated in mm.. 

(2) Collectors of various sizes have got dilferent measuring cylinder. Therefore 
care should be taken so that right type of cylinder is used for a certain rain 
gauge. 

(3) The routine time for rainfall observation all over the country is 0830 (1ST). 
Automatic rain gauge 

Automatic rain gauge keeps continuous records of quantity of rainfall as well as its 
intensity. 
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Infiltrometers 


Infiitromcter measures infiltration rate of water into the soil. Infiltration rate 
is the time rate at which w^ter will percolate into the soil. This rate is influenced 
by soil properties as well as moisture content of the soil. 

Installation 

( 1 ) Infiltrometer has two metal cylinders. Inner cylinder is 30 cm in dia and 30 
cm high and the outer cylinder is 46 cm in dia and 30.' cm high. The wall 
thickness of the cylinder shall be 5 mm. 

(2) Install both the cylinders with small one inside the bigger, by hammering gently 
in a level land to a depth of 15 cm. Ensure that soil is not disturbed during 
installation. 

( 3 ) Fill up both the cylinder with water slowly to a depth of 1 0 cm without disturbing 
the surface soil. 

(4) With the help of a point gauge, record the recession of water in the inner cylinder 
at different timings for about 60 mts period. 

|5) Plot the water level data with respect to elapsed time and fix the curve |Fig.8). 



Fig. 7. InfOtrometer 
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DESIGN PARAMETERS OF DRAINAGE 
SYSTEM AND DESIGN OF MAIN DRAIN 


P.K. BORDOLOI 


imiMNXKmON 

In this chapter I shall deal with the type of informations to be collected for planning 
of drainage system for tea cultivation, as well as a sample problem as to how to use 
these informations for designing the main drain. 

The influence of topography on movement surface as well as sub- surface water 
is already discussed. We have also learnt how to collecUopographical information through 
level survey and prepare contour maps. Other informations that are to be collected are 
rainfall of the area- its intensity and duration, water table and its fluctuation, texture of 
the soil and its hydraulic conductivity. 

DESIGN PARAMETERS 

Usually tea estate drainage layout consist of main drain, collector drain and field drains. 
Their functions are as follows: 

Main drain — to carry the excess water to the outlet. It drains the entire catchment. 
Field drains — to encourage flow of excess soil moisture from root zone quickly for 
ventilation of the root zone, in addition of surface run off. 

Collector drains-to collect the discharge of field drains and carry to the main drain. 

1.0. Capacity of drains: 

The size of main drain should be adequate to carry the runoff. Therefore, it is 
necessary to determine first the volume of water to be drained from the catchment. There 
are several methods to determine runoff, out of which for simplicity rational formula 
is popularly used. 

Qp= 0.0028 CiA 

Where ^ 

Qp=peak runoff rate in cumec ( m / s) 

C= runoff CO -efficient 

i= rainfall intensity in mm/hr for the design return period for a duration equal to 
the ‘time of concentration’ of the catchment. 

A= area of catchment in hectares 

1 - 1 . Runoff co-efficient: 

Runoff CO -efficient is defined as the ratio of the peak runoff rate to the rainfall intensity 
and is dimensionless. Its value is dependant on infiltration rate, surface cover, slope of 
land rainfall intensity. Some of the values for different soil type-are presented in Table 1. 
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Table 1 : Rim-off cO'Cfficients for various situations for estiiiiatfailg peak flow rate 
(developed in U.S.A. and adopted elsewhere). 


Slope 

sandy loam 

silt loam 

heavy clay 

Forest 

0-5% 

0.10 

0.30 

0.40 

5-10% 

025 

0.35 

0.50 

10-30% 

020 

0.50 

0.60 

Arable Land 

0-5% 

020 

0.50 

0.60 

5-10% 

0.40 

0.60 

0.70 

10-30% 

020 

0.70 

0.80 


1 .2 Rainfall intensity and design storm: 

To get an insight into rainfall intensity for design purposes, storm over a long period 
of time ( 10-20 yrs) were scanned. Storms of short duration, although of higher intensity, 
were neglected, as the time of concentration for average size tea garden exceeds those 
duration. For design purpose we need rainfal duration atleast equal to or exceeding the 
time of concentration of the catchment which falls at an uniform rate thoughout. Higher 
is the return period-more intense is the rain and lower the return period intensity of rainfall 
is less. If drains are designed for lesser return period rain, then the capacity of drain 
be small which may result in inundation of the areas. With higher return period, size 
of drain will be a bigger one. Keeping this fact in view and economic life of the plants, twenty 
and five year return period rainfall is chosen for design purpose for gravity drainage and 
pump drainage respectively. 

1.3. Time of concentration (TC): 

It is the time taken by water to flow from the most remote (in time of flow) point of 
the area to the outlet. At the time of concentration whole catchment contribute simulta- 
neously to the discharge at outlet. TC can be calculated by the following formula: 

0.77 - 0.385 

TC- 0.0195 xL xS 
TC = time of concentration in min. 

L = maximum length of flow in m. 

S = watershed gradient in m per m. 

Table 2: Change in time of concentration with respect to slope of land and length of 
travel : 


Slope 

Time of concentration in min. / Travel length in m. 



3000 

5000 7000 

.001 

132 

196 

254 

.002 

101 

150 

194 

.01 

55 

81 

105 

.02 

42 

62 

80 
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jjesiffk ot main drain: 

The main drain design includes-designing the shape of drain, fixing size of drain and 
depth of flow. The requiremeitt Of main drain design is therefore- 

(1) Maintaining non-silting non-scouring velocity of flow. 

(2) Sufficient capacity to carry design flow. 

(3) Adequate side slope to prevent caving into the drain. 

2.1 Depth of drain: 

Field drains or laterals require a minimum depth of 105 cm so as to lower the ground 
water below 90cm. The depth of main and sub-main drains should not be less than 150 
cm and 120 cm respectively. 

2.2 Velocity of flow and bed grade: 

The velocity of flow in an open channel is governed by slope of the channel, flow area, 
wetted perimeter and resistance offered against the direction .of flow. Manning equation 
may be used to determine the permissible velocity of flow: 


1 2/3 1/2 

V = — R S 
n 


where- V = maximum permissible velosity m/ sec. 
S= hydraulic gradient (bed slope) 

R= hydraulic mean depth in m = A/P 
A= cross-sectional area of flow, sq.m. 

P= wetted perimeter, m. 
n= manning’s roughness co-efficient. 


Table 3 : Manning’s co-efficient for different bed material. 
( Adopted from Fortier and Scobey ) 


Drain bed material 

Value of n 

Fine gravel 

0.020 

Sandy loam 

0.020 

Silt loam 

0.020 

Fine silt loam 

0.025 

Coarse gravel 

0.025 

Loam with cobbles / gravels 

0.030 

Cobbles and shingles 

0.035 
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Maximum permiMible velocity for different soil tcodun it presented in table 4. 

Table 4. Maximum permissible mean flow velocities in unprotected canab with suqiench 
load. 

(Adopted from Fortier and Soob(yl926, ‘Permissible canal velocities*) 


Bed material 

Velocity m/s 

Fine sand 

0.75 

Sandy loam, silty loain,silt 

0.75-1.00 

Loam 

1.00-1.10 

Gay 

1.50 

Gravel (fine- coarse) 

liO-1.80 


Bed Grade: The drain bed grade is determined largely by the natural slope^ the Im 
drain depth and elevation of the outlet. From the Manning’s equation it “ 

steeper is the gradient velocity wiU be higher for the same cross-secuon. But excMsn 
gradfent should be avoided, because high velocity induces scouring ZZ 

Sadient reduces velocity of flow. This causes silting to take place. Normally bed grai 
usuaUy ranges from 0.05 to 0.5% i.e. 5 to 50 cm drop in 100 m run. 


2.3. Drain Shape: 


The gradient of a drain bank is called the batter. Drains should have sufficient batti 
to ensure that its sides donot collapse. Steeper batter may allow the banks to coUap! 
into the channel and this is called bank slip. Drains should be excavated with a batt 
that is less steep than the natural angle of repose of the bank forming material. T1 
suggested satisfactory batter for different types of soils are given below: 


Table 5 : Side slope for open drains in tea soils. 


Soil type Side slope 

Vertical distance : Horizontal distance 


Loamy sand 1 : 2 

Sandy loam 1 : 1.5 

Silt loam, loam and clay loam 1 : 1 
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2.4 Bottom width: 

After the channel grade, depth and batter is selected, the bottom width for the efficient 
cross-section can be determined by the following formula: 

b = 2d tan 

2 

where, b = bottom width 
d = design depth 
^ = side slope 

3. Spacing of field drains : 

There are several drain spacing formulae out of which Hooghoudt’s formula is widely 
used. 

2 4 K Hm 

S = (2 d -I- Hm ) 

Q 

where drain spacing, m 

K= soil hydraulic conductivity, m /day 

Hm= height of water table at mid point between the two drains above the bed 
level of the drain, m 
Q= drainage coefficient, m / day 

d= equivalent depth to impervious layer below the drain bed level, m. 

The graphical represantation of Hooghoudt’s formula is shown below: Fig- 1- 



Fig. 1 Graphical representation of Hooghoudt’s equation 
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3.1 Equivalent Depth ( d ): 

The soil layer which is having a hydraulic conductivity value one tenth that of the top 
layer is defined as impervious layer and depth of this layer below the drain bed level 
is known as depth to impervious layer. This can be examined by digging holes and 
determining hydraulic conductivity of different layers. Accordingly from this depth De 
can be find out from standard table. 

3.2 Hydraulic conductivity (k): 

Hydraulic conductivity is defined as the velocity of flow of water through the soil under 
unit potential gradient and is expressed as m/day. This can be determined by auger hole 
method. This method consists of digging a hole with an auger which extends below the 
water table. When the water table inside the hole is in equilibrium with ground water 
table some water is bailed out to lower the level of water in the hole and the subsequent 
rate of rise of water in auger hole is then measured. This rate of rise depends on hydraulic 
conductivity of soil, geometry of the hole and the height of water table. Hydraulic 
conductivity of different types of soil is presented in Table 1. 


Table 6 : Hydraulic conductivity values for different soil tetxure : 


Soil texture 

Hydraulic conductivity (m/day ) 

Loamy sand 

2-3 

Sandy loam 

0.85 - 1.50 

Loam 

0.50-0.75 

Silt loam 

0.30-0.50 

Clay loam 

0.20-0.30 

Clay 

less than 0.20 


4. Drainage Co-efficient (Q) : 

Drainage co-efficient is the amount of water to be drained out from a catchment area 
in 24 hour period . It is expressed in mm/day . Drainage co-efficient depends on the 
rainfall rate and the amount of surface and sub-surface run off which is admitted to 
the drainage system. The size of the watershed also affects the drainage co-efficient. 
Drainage co-efficient can be determined by field experiments. 
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Table 7 : Average design specification of drains in medium texture-soil (sandy loam type) . 


Drain 

Drain depth 
cm. 

Bottom width 
cm. 

Min. desirable 
bed grade % 

Depth of 
flow cm. 

Subsidiary 

105 

15-20 

0.25 

10 

Collector 

120 

30-50 

0.15 

15 

Sub-main drain 

150 

50-100 

0.10 

30 


For spacing of field drain in case of slopped topography the design criteria is 
described elsewhere. 


DESIGNING OF MAIN DRAINS * 

Exercise ; 

Now with the formula given before, let us design a main drain for a catchment having 
the following informations : 


1. Area of catchment 

2. Topography 

3. Texture of soil 

4. Maximum length of travel 

5. Difference of elevation 


Solution : 

Step I. Peak discharge 0 = .0028 CiA 

C = 0.3 

.77 -.385 

TC-.0195L S 

S = 3 / 3000 

= .001 

Tc= 132 min. 


200 ha. 

flat 0.1 to .15% slope 
Sandy loam / loam 
3000 m 
3 in 
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Intensity of rainfall = 45 mm / hr (for South Bank ) 
= .0028 X. 03 X 45x200 
=7.5 nr/ s 


Step n. Allowable velocity =0.9 m/ 
Q= AV 
7.5 


A = 


0.9 


2 

= 8.33 m 


Step in. Hydraulic radius (R) can be determined from Manning’s equation- 

Q = AV 

1 2/3 1/2 

= A R S 

n 

8.33 2/3 K 

7.5= xR .001 

0.025 

-in 

R = 0.712 
R = 0.60 m 


Step IV : Determination of depth of flood (d); with such a higV value for A and low 
value for R , it is not possible to find a solution. Therefore, R value shor'd be increa- 
sed by changing the bed grade. 

Let us assume a cross-section with bottom width b = 6.0 m, slo,>e 1 : 2 and depth 
offlowd = 1.0m. 

Area of the section A = (6+2xl)xl.O 

2 

= 8.00 m 


Welled perimeter P = (6 + 2 /l+? x 1.0) 
= 10.470 m 
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A 

Hydraulic radius R = 

P 

8 

10.470 
= 0.764 m 

For this hydraulic radius , to maintain the permissible velocity of flow, the bed slope 
be changed - 

2/3 Qn 
AR = 

s 

2/3 7.5 X .025 

8X.764 = 

S 

S = .0008 
=0.08% 
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PLANNING AND IMPLEMENTATION OF 
DRAINAGE SYSTEM IN FLAT LAND 
INCLUDING ESTABLISHED TEA 


P.K. BORDOLOI 


INTRODUCTION 


Sub soil drainage is defined as the removal of water from the root zone by lowering the 
groundwater table. It can be achieved by correctly spaced deep open drains, underground 
pipe drains or by a combination of both. 

Shallow open drains were provided in tea areas in the past to collect the surface runoff 
but the current practice is to have deeper drains to drain the sub soil water as well. 
Therefore, as far as possible, the drains are being deepened depending upon the availabiliiy 
of outlet. The design of suitable drainage system requires information about soil, topo 
graphy, source of excess water and amount of excess water. The preliminary survey of 
the proposed drainage project in an estate is, therefore, an important initial investigation 
to avoid further complications that may come up at the later stages of planning a drainage 
system. 

PRELIMINARY SURVEY 

The survey should include the following aspects : 

(i) Land topography- natural depressions and waterways etc. 

(ii) Soil properties-texture, structure, permeability, porosity, bulk density etc. 

oii) Gullet availability- distance of natural outlet from drainage area, average water level 
of the outlet during monsoon and elevation of most low lying areas to be drained. 


fiv) Source of water- such as: rainfall, runoff, seepage and deep percolation data. 

(v) The flood level of the drainage base ( AWL, HFL, its duration and frequency). 

(vi) The size and location of bridges, culverts, rivers, P.W.D. roads and railway lines. 

(vii) The size of the area to be drained. 

The topographic survey is an essential pre-requisite for a drainage system. The soil 
properties affect the shape ( cross-section ), side slope, and bed grades of the drain. 


44 



The information regarding availability of outlet helps in deciding the type of outlet, c.g. 
gravity, pumped or both 

The drainage system is then designed and drain spacings are calculated. The design 
requirement and procedure followed are as follows : 

design of open drains : 

A properly designed drainage system should provide the following conditions : 

(i) velocity of flow should be such that neither serious scouring nor sedimentation will 
result. 

(ii) sufficient capacity to carry the design flow. 

(iii) hydraulic grade line low enough to drain the land. 

(iv) side slopes will not cave-in or slide into the drain. 


Tae c! sign of an open drainage system includes m^nly the shape, size, depth, bed grade, 
side slope, alignment, junctions and spacing of drains. We have already discussed how 
to design the main drain. Let us discuss about alignment, Junctions and location of the 
drains. 

1. Alignment of main drain 

Proper alignment includes the design of straight drains and, wherever necessary, gradual 
curves to prevent excessive bank erosion. 

2. Drain Junction 

The junctions of the drain with another should be such that serious bank erosion, scour 
holes, or sedimentation will not occur. The laterals should be designed to enter the larger 
drain at an angle less than or equal to 90 degree with the direction of water flow in the 
larger drain. 

3. Drain location 

After the drainage system has been designed, one can proceed with the field layout. The 
general location and alignment of the drains has normally been determined by the 
preliminary survey. A few general rules for locating the drains are given below : 

(i) For main drains, and sub-main drains, follow the general direction of natural waterways. 

(ii) Large size drains should be straight as far as possible or with gradual curves, if required. 

(iii) Locate a drain along the estate boundary, if practicable. 

(iv) Make use of existing drainage system as much as possible. 

(v) Avoid locating drains in a place where it will require expensive structures and 
maintenance. 
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TYPES OF SURFACE AND SUB-SURFACE DRAINAGE 

Depending upon the situation, both surface and sub-surface land drainage can be done 
by any of the following methods : 

1. Parallel /Gridiron system 

2. Herring bone system 

3. Random drainage system 

4. Interceptor 

PARALLEL / GRIDIRON SYSTEM : 

In flat areas where the slope is not more than 0.45 % the parallel / gridiron system of 
drainage is most suitable. In this system the lateral field drains are provided across genera 
direction of the slope of the land. The coUector drains run perpendicular to the lateral 
field drains i.e. along the slope, coUecting water from these drains and ultimately discharge 
into the main drain. The main drain is generally located in the lowest portion of the area, 
usually along the boundary. 



Fig. 2. Herring Bone 
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herring bone system : 

Herring bone type of drainage system is generally provided under situation where the 
land slope does not exceed 0.50%. In this system usually the length of the collector drain 
is long and the lateral field drains are short. While draining in this system, the lateral 
field drains are dug oblique to the general direction of the slope of the land and the collector 
drain which collect water from these drains is provided along the natural depression. 
However, since this type of drainage does not provide full protection against soil erosion, 
it is generally not recommended for tea areas having more than 0 . 5 % slope. 

random drainage system : 

The random drainage system is generally used to drain isolated wet places or to Tap’ 
springs by providing a combination of lateral field drains, collector drains at random. 
In this system the lateral field drains of varying length are provided along the isolated 
wet pockets which are then connected to the nearest collector drain along the natural 
depressions. 

interceptor drain : 

This drain is provided near the upper edge of wet area to intercept seepage flow to 
the wet area. 

Drain Construction : 

Digging of the drain should start at the outlet and proceed upgrade. The main drains 
should be dug first, followed by sub-main drains, and then the laterals. 

'^poil banks : 

The spoil bank (excavated soil) of all the drains should be spread evenly over the area. 
Period of drain construction : 

The period of drain construction is mainly decided on the basis of the degree of soil 
wetness. Digging should be avoided in wet soil conditions. The best period for digging 
drains in this region would be the cold weather i.e. November to March / April. 

Length of drain : 

On level lands, a drain on a slope of 0. 1 5 per cent, will drop 30 cm in 200 metres, and 
this distance becomes about the maximum permissible length of the drains. Similarly, 
a drain laid out on a slope of 0.05 per cent will drop 30 cm in 600 metres, and this 
disctance becomes about the maximum permissible length of the drains in this case. 

CAUSES OF DRAIN FAILURE : 


It is difficult to keep open drains operating efficiently in unstable and loose soils. Major 
causes of their failures are : 
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(a) Sedimentation in the drain channel : 

Most of the sediment that comes into the drain is due to erosion of the surrounding land 
and scouring within the drain itself. Soil scouring and siltation in the drain occurs if the 
bed grade is not adequate and uniform throughout the length of the drain. 

(b) Improper location and alignment of drains : 

It causes serious bank erosion of the drain. In unstable soil even the gradual turns may 
not be able to eliminate erosion in the drain. 

(c) Improper junctions : 


Improper junctions of one drain with another and overfall at the junctions cause serious 
bank erosion, scour holes or sedimentation in the drain. 

(d) Inadequate size and shape of the drain : 

The deep drains (depth more than 90 cm ) dug in the available space between two tea 
rows do not usually meet the design requirement of a drain. 

Such drains will require regular maintenance if they are to do the job they are meant 
for . 

(e) Inadequate culvert and bridge capacity 

(f) Improper land use on the watershed 

(g) Excessive growth of weed in the drains 

(h) Blockage of natural waterways/outlet drains. 

It is clear that in many situations it would be extremely difficult to keep the open drains 
operating effectively, particularly in unstable soils, withought regular maintenance. In 
order to control the water table 90 cm below the ground surface the leteral drains will 
have to be 105 cm deep (minimum). The deep drains with trapezodial cross section will 
occupy much valuable land. A great deal of unnecessary and expensive maintenance is 
caused by faulty drain construction in unstable soils. Many cases are seen of collapsed 
drain sides as a result of not having proper design. It is therefore, becomes important 
to find out the possibilities of an alternative drainage system for unstable and loose soils 
where deep open drains with nearly vertical sides fail to work effectively. One alternative, 
which is being evaluated at Tocklai, is the underground pipe drainage system. 

It is realised from literature that in comparison to open drains the pipe drains require 
less maintenance. The pipe of adequate size laid at a required grade with properly designed 
envelope material will cause no problem of siltation or deposition of sediments in the 
drain. However, the areas where springs feed the pipe drains, the roots of shade trees 
and tea bushes may grow into the pipe and obstruct the flow; in suchcases,tnedrain pipes 
have to be cleared periodicaly. Most important is the high initial cost ot pipe drainage 
system which must be considered carefully before this is adopted. 
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drainage design and planning in estabushed tea 


Poorly drained areas in established tea can be improved to a great extent by careful planning 
and modifying the existing drainage system wherever possible. The modification of the 
existing drainage system is dictated by the topography of the area under consideration 
and must not involve unnecessary uprooting of bushes. 

More often than not the existing tea usually suffer from the following drawbacks as far 
as land drainage is concerned : 

1. Faulty alignment of drains. 

2. Undersize culverts and bridges. 

3. Inadequate size and shape of main and outlet drains. 

4. Undersize and depth of main outlet drains. 

5. Inadequate or restricted outfall. 


DRAINAGE LAYOUT PLANNING 

Before planning a modified drainage system in established tea, knowledge of the water 
table below the ground level is necessary. By digging inspection pits or by installing 
observation wells along the general direction of slope and along the main drains the 
watertable should be recorded from June to September. A high watertable during this 
period is an indication of waterlogging and non-functionl of the drainage system. 

The network of the existing subsidiary and the main drain and the condition of the outfall 
should be examined to locate means to carry away the excess water and the points where 
the water will be discharged ultimately. 

Next, a layout and a existing drainage survey maps of the area will be necessary before 
finalising the drainage project. The map should show the following clearly : 

1. Boundaries of the proposed area to be drained. 

2. Existing drains. 

3. Contours indicating the depressions, natural waterways, crests or ridges, etc. 

4. Location and elevation of possible outlet and their water levels during monsoon. 

5. Areas from outside that will drain into each part of the system. 

6. Location of rivers, hullahs and their points of highest flood levels. 

7. Location of roads, paths, culverts and bridges with their dimension. 
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Once the above informations are avilable, on the basis of the topographical map» the 
entire area should be divided into major nalural catchments and these should farther 
be divided into minor natural catchments. These minor natural catchments will again be 
divided into man made catchments. Once the size of catchments area is known, it will 
be possible to calculate the dimension and gradient of main and submain drains for efficient 
disposal of water from the catchments. 

I^ANNING SUB SURFACE DRAINAGE 
Alignmeiit 

If the alignment of the subsidiary or field drains is faulty, best efforts should be made 
to retain some the existing drains and develop them at suitable intervals into primary 
or collector drains. New subsidiary drains should be provided across the general direction 
of the slope. These drains should be as far as possible straight but every efforts should 
be made to align them along the tea rows. These drains should be connected to the primary 
or collector drains and ultimately they will discharge into the perimeter or main drains. 
Perimeter drains should be provided to cut off the seepage flow from the nearby catchments 
and these should be best aligned along the sectional boundaries. In hilly slopes these 
drains should be provided at the base of the slope to intercept seepage flow from the 
high lands. 

Siting of drains 

Siting of the drains is very important as drains placed on wrong site will cause more 
harm than good. In the same section, there may be slope in different directions and under 
this situation the field drains should be provided across the general direction of the slope 
and they should be as near as possible parallel to the contour. In undulating topography 
isolation of interceptor drains are necessary at the base of the slope to prevent seepage 
flow from the high lands. 

Digging contour drains in established tea will entail uprooting of a large number of tea 
bushes. To avoid uprooting tea bushes, the field drains should be laid out diagonally or 
along the tea rows. 

In flat areas under tea, the existing drainage system can be modified in grid iron system 
where the drains are straight and parallel. This will avoid uprooting of large number of 
bushes. In this system, the roadside or the periphery drain of the tea sections can be 
easily converted into sub main or collector drain. 

In moderately undulating triangular planted sectionfs) where the slope is oblique i.e. it 
is slanting, the existing drains can be aligned like a herring bone where the field drains 
will be aligned almost parallel to the tea rows. In this system of drainage the uprooting 
of tea bushes will be minimum. 

More often than not in tea estates, the low lying pockets create waterlogging problem 
and tea in these pockets is extremely weak. To drain out these low lying pockets random 
system of drainage should be provided where collector drains are dug in the middle of 
the depressions and connected to the submain drains. These drains are narrow drains 
and while digging, uprooting of tea bushes may not be necessary. 

Drain depth: 

In slope where rising of watertable is not a problem, 30-45 cm deep graded contour 
drains will be sufficient. However, in case of high watertable, the graded contour drain 
should be deepened to a depth of 1 05 cm and connected to 1 20 cm deep collector drains. 
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*" to^graphy, the depth of drain will depend upon the availability of 

outfaU. The idea is to ^epen the field drains sufficiently so that they are able to drain 
out the subsoil water efficiently. Therefore, the depth of field drains should not be less 
than 105 cm. For mam and sub main drain a minimum depth of 120 cm and ISO cm 
should be maintained. 


Main Drains, Culverts and Bridges: 

The size of main drains, culverts and bridges should be worked out on the basis of 
catchment area, rainfall, soil type etc. 

Where further deepening is not possible, the main drains should be adequately widened 
to increase the volume of outflow. 


Restricted outfall : 


Under condition of restricted outfall or back pressure due to highest flood level during 
monsoon, it will be necessary to construct sluice gates at the vulnerable spots. In low 
lying areas where the force of gravity fails to dispose off the drainage water, it may often 
be useful to guide the drainage water into sumps dug in the lowest point and pump out 
the water as and when required during the critical periods. To prevent inflow of water 
from outside, perimeter drain along the boundary with a bund will be necessary. 
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PIPE DRAINAGE PLANNING AND 
INSTALLATION TECHNIQUE 


D. N. SAIKIA 


INTRODUCTION 

Tocklai has been working on the scope and need of pipe drainage in tea under 
some specified situations. Infact considerable knowledge on the plan and 
techniques of laying out underground pipe drains have been gathered in these years 
and adoption of this system in flat land proved to be economically feasible in tea 
estates. 


SCOPE OF PIPE DRAIN 

In the conventional system of drainage only 90 to 100 cm deep open drains are dug 
at a spacing of about 10 to 15 m. This is widely followed in the tea gardens. 
However, where the soil texture is light, deeper drains are not stable and in such 
areas shallow subsidiary drains of 60 to 65 cm depth are very common. These 
drains mainly function as surface drain to take care of run off water and are far 
from satisfactory in dealing with the sub*surface drainage. It is, therefore, essential 
to provide deep field drains to drain out the excess water from tea root zone. But it 
may be sometimes difficult and expensive to keep such deep drains working 
particularly in unstable and sandy type of soil. In such soils cave-in of drain walls is 
very common which ultimately causes failure of the entire drainage system. 
Maintaining proper grade in the drain bed in sandy soils is also another problem in 
open drainage system. Improper grading leads to scouring of the drain bed and 
enhances erosion and siltation in the drain. Over and above recurring maintenance 
is essential for best functioning of open drains. Except in heavy soils vertical sides 
of drains are not stable and it is necessary to dig the drams with sufficient side 
slopes to ensure that drain sides do not collapse. Thus, the deep drains with 
trapezoidal cross-section will take away a considerable amount of valuable land 
from planting. In such unstable and sandy type of soils, adoption of underground 
pipe drains will be a better proposition even though its initial cost is comparatively 
higher. 


ADVANTAGES OF PIPE DRAIN SYSTEM 
I. Maintenance 

In pipe drain system caving-in and scouring of drain beds do not take place 
and, therefore, recurring maintenance cost is drastically reduced. Desilting, 
weed control and regrading operations etc. which are necessary in open 
drain systems are totally eliminated in pipe drain system. 
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2, Land removal 

Since the trenches dug in pipe drain system are filled back, there is no land 
loss due to drainage. Even on the top of the drain, tea can be planted. This 
favours movement of machines like plucking machines in field. Land saving 
to the extent of 5 to 6 per cent is possible under pipe drainage system. 

3. Improper junction of drain 

Alignment of the lateral drains in the collector or sub-main drain in open 
drain system is an important point to consider. Improper alignment may 
cause collapse of drain walls at junction point. In pipe drain system the last 
end of the pipe protrudes out from the drain side wall and the water is 
discharged directly in the drain bed of the collector or sub-main drain. That 
is why, possibility of giving improper junction of drain is remote in a pipe 
drain system. Figure lA and IB show the ideal junctions for open and pipe 
drain respectively. 



Fig. lA The junction of secondary and sub-main drams 
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Fig. IB Cross-section of a collector drain showing 
the protruding lateral pipe drain 

DESIGN OF PIPE DRAIN SYSTEM 

Before installation of pipe drainage system in a particular area, information on the 
following aspects need to be collected : 

a) Topographical survey of the proposed area and identification of major and 
minor ridges and depressions of the land. 

b) Outlet availability. 

c) Data on extent, fr^uency and seasonal flood and highest and average water 
levels at the recepient river/stream. 

d) Soil survey for physical properties. 

e) Availability of pipe materials, filter and envelope materials. 
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The design of the system will require consideration of the following points: 
1. Dram depth 


The dram depth is maiidy dependent on the availability of the outlet and 
root drath of the crop. The depth of the lateral drain or field drain should 
be suf^c.ent to adequately drain the sub-soil water from the root zone of 
tea. The effective root depth of tea is considered to be 90 cm from the 
surface and therefore to control the water table below this depth the 
average depth of the lateral drains should be minimum of 105 cm. The depth 
01 the sub-main drain and main drain should not be less than 120 cm and HO 
cm respectively. 


2. Drain spacing 


The drain spacing is effected by hydraulic conductivity, amount of water to 
be drained out and the effective root depth of plant. 

Installation of a single drain in the field exerts its influence on the water 
table and lowers it down to the depth of the drain bed near its immediate 
vicinity. The field of influence will radiate on both the sides of the drain to 
some distance. As the distance between the drain increases the water table is 
controlled at a shallower depth. This has been illustrated in Fig. 2. When a 
single drain PI is installed then the water is controlled to the depth of the 
drain bed at its immediate vicinity and the draw down curves are 
represented by DWl lines. The water table at point A and B will be 
controlled at dl depth from the surface. When P2 and P3 drains are 
installed the draw down lines of the drains will intercept at the mid point 
between the drains and the draw down curves can be represented by DW2 
lines. In this situation, the water table at points A and B will be controlled 
at depth d2 from the ground surface. If the drains can be installed at deeper 
depth like Pil, Pi2 and Pi3 then the draw down lines should be similar to 
DW3 lines. The controll of water table will still be effected at deeper depth 
indicated by d3 as shown in the figure. (Fig. 2). 



Fig. 2. Relation between drain and draw down line of water table 



This principle is used in placing the drains to control the water table in the field. 

There are many equations for determining the drain spacing. Out of these the 
Hooghoudt’s steady state equation is most commonly used in tea. The equation is : 

2 4KHm 

S = (2De + Hm) 

q 

where S = drain spacing, m 

K = Hydraulic condictivity of soil, m/day 
Hm = Height of water table at mid-point between the two 
drains above the bed level of the drain, m 
q = drainage co-efficient, m/day 
De = equiv^ent depth of the impervious layer below the 
drain bed level, m. 

The De depends on the drain spacing and the depth of impervious layer from the 
surface. The equation is represented diagrametically in Fig. 3. 



Fig. 3. Diagramatic representation of Hooghoudt’s equation 


The hydraulic conductivity and the drainage CQ-efficient estimated for some regions 
of N.E. India are given in Table 1 and 2 respectively. 
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Table 1 :Range of hydraulic conductivity for different soil types 


Soil types 

P.ermeability m/day 

Loamy sand 

2 -5 

Sandy loam 

0.85 - 1.50 

Loam 

0.50 - 0.75 

Silt loam 

0.30 - 0.50 


Table 2 : Estimated values of Drainage co-efncient for different regions 


Zone 

Drainage co-efficient mm/day 

Middle and lower Assam 

7- 8 

North Bank and Upper Assam 8-10 

Dooars 

10-15 

Terai 

8-10 

Darjeeling 

6- 7 

Cachar 

8-10 


3. Relationship between drain depth and spacing 

There is a definite relation between the drain depth and spacing. More the 
depth of drain wider is the spacing and vice versa. In an area where depth ot 
drain is restricted either by inadequate outfall or by presence of impei^ious 
layer at a shallow depth, water table can be controlled by putting shallow 
drains at frequent interval. This relationship has been shown in Fig. 4. 




PIPE DRAIN 

Fig. 4. Relation between drain depth and spacing 
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4. Drain size 

In pipe drain system the capacity of the pipe to drain the water is to be 
determined. This is determined by Manning’s formula i.e. 

Vxa 

Q = DCxA = 

100 

0.667 0.52 

V = Km R S 

where : DC = Drainage co-efficient, m/sec 

2 

A = drainage area, m 

V = velocity of flow in the drain, cm/sec. 

2 

a == cross-sectional area of the pipe drain m 
Km =: Manning’s co-efficient, 

Km = 38.4 for corrugated PVC pipes 
= 51.7 for tile and rigid PVC pipe. 

a d 

R = hydraulic radius = — - = 

p 4 

d = diameter of pipe drain, cm 
S = hydraulic slope, m/m 

Q = design flow rate, cum/sec. 

In tea 100 mm is the minimum size recommended, but 125 and 150 mm are 
commonly used sizes under normal conditions. 

5. Drain bed grade 

To make the pipe self cleaning it is necessary to provide a designed grade in 
the pipes. The most desirable working grade is considered to be 0.20%. This 
is based on a minimum velocity of about 45 cm/sec at full flow of the pipe. If 
the grade is more than the designed rate there is possibility of blowing out of 
the pipe drain specially at the discharge end. 

6. Filter and envelope material 

Filter or envelope material is one of the important components of the 
design of the pipe drain system. Certain materials with high resistance 
against decomposition and with high porosity and infiltration rates are used 
around the pipe drain. Normally gravel, nilon cloth and plastic slips are used 
as filler materials. In our experiments only gravels and nylon cloth were 
being tried. These filter and envelope materials are used in pipe drain 
system for the following purposes. 


(a) This primarily works as the filter material of the pipe. It should 
permit the fine clay and silt particles to move through the 
envelope material to inside the pipe and the flow should be such 
that it will not allow these particles to settle inside the pipe. But it 
should retain the bigger sand particles which may otherwise clog 
the holes of the pipe or find its way to the pipe. The designed 
velocity of flow may not remove these bigger particles and as a 
result siltation will occur inside the pipe. 


58 



(b) Water conveyance and permeability of the filter material also 
helps in conveying the water quickly into the drain. This is 
because of the tact that filter materials work as a porous strata 
inside the soil profile. In addition, it increases the area of 
permeable layer around the drain. 

(c) Filter materials work as bed cushion and improve bedding 
condition of drain. This provides, in addition, some elasticity to 
the pipe against the possible change of soil strata. To find out 
the size of the gravels the following equations are used: 


D50 Filter 

For graded material : — = 12 to 58 

D50 Base 

OR 

D15 Filter 

= 12 to 40 

D15 Base 

D50 Filter 

F or unif or m material: = 5 to lO 

D50 Base 


OR 

D15 Filter 

5 

D15 Base 


7. Drain Materials 

The materials that can be used as pipes should have the following desirable 
qualities: 

a) Resistance to bio-chemical changes and weathering 

b) Sufficient strength to bear load under field condition 

c) Low water adsorption 

d) Less prone to cracks and damage 

e) Uniform wall thickness 

The most common materials are clay, concrete and plastic or PVC lubes. 
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(1) Clay pipes (Tiles) 

These tiles are made of shale, fire clay or surface clay. They are mostly 30 cm 
long. The diameter varies from 10 cm to 20 cm. Some tiles have collar in one 
end to be fitted with the plain end of the other. Tiles with 12.5 cm diameter 
without collars are mostly used in tea. These are laid in the drain bed keeping 
3 mm gap between them for entry of water. 

(2) Concrete tiles 

These are made of portland ceinent or concrete and cement. These are made 
when clay tiles are not available or when tiles of bigger diameter are required. 
However, they deteriorate quickly under acid soils. 

(3) Plastic pipes 

The PVC pipes are most commonly used. They are of two types (a) rigid and 
(b) corrugated. The rigid pipes are normally 10 cm in diameter and 3 m long. 
They have four lines of saw-slits mostly longitudinally and sometimes 
transversely. The corrugated pipes are found in roll and have many small 
openings in the valley of the corrugation. There are generally three different 
sizes of these pipes viz 90 mm, 110 mm and 125 mm diameter with 2 mm, 
2.2 mm and 2.5 mm wall thickness respectively. The dimensions of the 
perforations are 25 mm long and 0.6 to 0.8 mm wide. There are 40 slites per 
metre length of pipe in 4 rows making a total inflow area of approximately 
600 mm. 


DRAIN INSTALLATION 

The installation of pipes in the field is a very important operation in planning and 
designing a pipe drain system. 

A faulty installation, instead of draining the area, will rather cause acute waterlogging 
problem. Unlike the open drainage system allocation of zone of fault is difficult in 
pipe drain system and it involves considerable expenditure in correcting them. 


(1) Digging trench 

A trench is dug to the desired depth by manual labourers using hand tools for 
installing the pipes. The trench may be 60 cm wide at top and 20 cm at bottom. 
The side slope is given only for convenience of digging drains. 

(2) Drain bed grade 

The drain bed grade should be set up by string-line method by using level 
survey tools. This is to be rechecked after the filter is placed on trench bed. 

(3) Blinding of drains 

The blinding is accomplished by placing the designed filter material around the 
pipe. The minimum thickness of blinding should be minimum 7.5 cm all around 
the pipe drain. 
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( 4 ) 


npe laying 


( 5 ) 


The drain should be laid from the top end towards down side. When tiles 
with collars are they should be properly coupled and the collars should 

be flushed with the bed. The rigid PVC pipes have collars in one end In 
case of corrugated pipes sockets are available for making the joints. 

Filling of trench 


At the time of digging the trench, the top and sub soil should be seperately 
heaped. A layer of 15 cm to 30 cm top soil should first be placed on the 
envelope material which has covered the already laid out pipe. Thereafter, the 
trench should be filled up in the same manner as was dug out to maintain the 
original sequences of the soil layers as far as will be possible. Some extra soil 
should be heaped on the drain line to allow for the settlement in the trench. A 
vertical section of a filled in trench has been shown in Fig. 5. 



OTHER ACCESSORIES OF PIPE DRAIN SYSTEM 
1. Surface inlet at depressions 

To remove the water from depressions and to reduce the run-off in a pipe 
drained area a vertical structure is used. This is known as inlet. It is made of 
tiles or PVC pipe pieces placed vertically from the center of depression to the 
underground pipe drain. The top end is covered with an iron plate having 
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perforations over which a heap of graded gravel is placed. The downward 
end is fitted to the drain. The water in the depression will pass through the 
filter material i.e. the heap of the gravel and reach the pipe drain. The inlet 
structure has been shown in Fig. 6. 



Fig. 6. Surface inlet for pipe drain 


Blind Inlet 


When the quantity of water at the surface which is to be dealt with is less zmd 
the water in that area contains more sediments then a blind inlet as shown in 
Fig. 7 may be used. It is a pit dug in soil to the drain depth. It is refilled with 
stones, gravel and coarse and fine sand layerwise (15 cm - 20cm) upward from 
coarse to fine grade. 



•2m(min) 


Fig. 7. Blind inlet for pipe drain 
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4. Relief pipes and breathers 

Relief pipes and breathers are small size vertical risers like the inlet, extending 
from the pipe drain to the surface. These are installed on long drain line to 
prevent the development of vaccum, damage to pipe line or blow-out of drains. 
These are not common when the grade of drain is not higher than 1 %. 


COST OF PIPE DRAIN SYSTEM 

The cost of pipe drain system is bound to be higher than the open drain system. The 
cost of installing under ground pipe drain system using two different pipe materials 
has been evaluated and compared with an ^uivalent open drain system and the data 
are given in Table 3. The cost of installation of the corrugated pipe is comparatively 
lower than installing A.C. tiles. However, while mentioning the cost of open drainage 
system cost of culverts has not been included. 


Table 3: Estimated cost for installing pipe drain (Rs./ha)* 


Drain material 

Drain dia 
mm 

Drain 

24 

spacing 

m 

35 

48 

A.C. pipes 
(3(X)mm long) 

125 

21,000 

16,800 

14,400 

10,500 

PVC corrugated 
(per forated) 

100 

17,000 

13,700 

11,700 

8,500 

Open drains** 


2,100 

1,700 

1,500 

1,100 


Cost include material, filter earth work & installation and back filling. 

** Cost of culverts not included 

Though the initial cost of pipe drain system is high the maintenance cost of 
underground pipe drain is negligible as compared to the high maintenance cost of 
open drain system. The life of the pipe drain system is expected to be more than 50 
years. Thus, after some years the cost of maintenance of pipe drain will be very 
minimal. 


FUTURE OF PIPE DRAIN SYSTEM 

Considering the shortage of labour at the peak of the season for drain maintenance 
work, high cost of maintenance of open drain system and possibility of use of 
machineries in tea field in near future, it can be said that adoption of pipe drain 
system, in a phased manner in problem areas will be a good proposition. However, 
it should be kept in mind that installation of pipe, filter material, backfilling etc. 
require experienced and scientifically skilled personnels. 
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designing drainage system for DARJEELING 

HILL SLOPES AND CACHAR TEELAS 

P.K. BORDOLOI & H. GOSWAMI 


introduction 

The physiographic and climatic conditions of Cachar & Darjeeling tea areas are 
totally different from those prevailing in other tea growing areas of North East 
India. Problems relating to Soil and Water Management are also different and call 
for special type of Soil and Water Management pratices in these two areas. 


Topography 

Tea plantations in Darjeeling are situated on hilly slopes, whereas, the tea areas 
of Cachar includes teelas, plateaus and bheels. Tea plantations in are^ with more 
than 50% slope is very much common in Cachar and Darjeelings. In Chachar about 
40% of the total tea areas is on teela slopes. 


Rainfall 

Darjeeling comprises of several valleys. The intensity and distribution of 
varies considerably from vaUey to vaUey. It varies from as low as 2500^ to 
as high as 4100 mm with an average of about 3000 mm / 
intensity as high as 100 mm in an hour, 270 mm in 6 hours, m 48 hours 

and 1000 mm in 5 continuous days has also been received at our meteorolo^wl 
observatory. In Cachar also the average rainfall is 3000 mm y^^ 
of high intOTsity such as 100 mm/hr. is not uncommon. The data 
indicates that about 96% of the total annual rainfall is received durmg the period 

April to October (7 months). 


Soil 

In Cachar teelas soils of sandy loam and loam types are predominant. Loamy sand and 
Silt loam are also present in some teelas. Soils of Darjeeling hill slopes belong to me 
to medium texture. The typical Darjeeling soils are chocolate coloured loam and silt loam 

type. 



Soil Erosion 


Steep slope, unfavourable soil texture, presence of stony layers below the ground create 
serious erosion problems in Darjeeling and Cachar tea areas. Improper watershed 
management, overgrazing, large scale deforestation have made the soil management 
problem very difficult. Land slide and sinking have also been a serious problems of these 
regions. It has been estimated from available records that in the last 100 years, more 
than 300mm of fertile top soil has been lost through soil erosion by water in Darjeeling. 

Soil Conservation Measures 

It is observed that in Darjeeling in most of the areas tea is planted on terraces having 
narrow base levels. More often than not the vertical sides of the terraces are reinforced 
with stone works /retention walls against erosion. The terraces are being used for soil 
conservation work, but they are difficult to design, expensive to maintain and consume 
25 to 30% of effective land which otherwise could have been planted with tea. For these 
reasons, terracing does not appear to be a practical solution of tea areas of hilly slope. 
If given a choice, the tea estates would probably like to level of the old terraces for making 
more room for tea. This, hence is not an ideal approach, as it would further aggravate 
the soil erosion problem if adequate care is not taken. 

It has been established that a well managed row crop like tea with full ground cover provides 
adequate protection to soil in respect of erosion and moisture conservation. However, 
in hilly areas like Darjeeling and Cachar, a well designed drainage system is a must 
for safe disposal of excess run off and thereby control of soil erosion effectively. This 
is required even if there is a complete ground cover by tea. 

Following soil conservation measures are commonly suggested 

1 . Practice of minimum tillage and soil disturbance. 

2. Contour planting of tea. 

3. Adequate mulching of newly planted young tea. 

4. Partial chemical weed control on strips across the slope. 

5. Adequate cover of deeprooted grasses on vacant patches. 

6. Immediate infilling followed by heavy mulching in freshly levelled terraces. 


7. Retention of pruning litter in situ. 

8. Installation of a well designed 30-45 cm deep, 30 cm wide run off drainage system 
spaced at 1 0- 1 5 m across the general direction of the slope. 

9. Providing interceptor drains at suitable places to cut off seepage water from high lands. 

1 0. Use of soil conditioner to improve soil structure. 
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1 1 . Stabilizing drain banks and beds by growing suitable vegetation. 

12. Construction of well designed structure for controlling gully erosion. 

13. Development of well covered artificial waterways for safe disposal of surface run 
off. 

14. Construction of well designed soil conservation structures at places where the soil 
is relatively more unstable. 

For achieving desired results, it will be necessary to follow any one or a combination 
of more techniques mentioned above, ll is expected that adequate soil conservation 
measures in Darjeeling and Cachar teela slopes will help conservation of valuable top 
soil for sustained increased yield of tea. 


Drainage 


The influence of high intensity rainfall, steep slope and underlying rocky strata results 
in drainage problems of special nature. Though the coarse textured soil have high 
permeability, because of its shallow profiles, these soils get saturated early and thus reduce 
infiltration intake. These soils often develop structureless layers at some depth rendering 
the natural drainage of the sub-soil difficult. 

The seepage flow at shallow depth causes serious waterlogging in the root zone that decays 
tea roots and restricts the uptake of essential nutrients required for optimum growth of 
tea. The seepage flow under hydrostatic pressure causes landslide and land sinking 
problems at places. 

In Cachar, waterlogging in teela areas although is not a common problem, under the 
following circumstances, waterlogging in teelas could be a serious problem . 

1 . At places where there is abrupt change of slope. 

2. At places where impervious layer exists at shallow depth. 

In respect of waterlogging, the fiat areas pose different problem. Generally the fiats are 
low lying areas surrounded by teelas and rainfall and seepage from the teelas is principal 
source of excess water causing waterlogged conditions . 

The problem is aggravated due to the following reasons : 

1 . Inadequate depth and size of interceptor drains at the base of the teelas. 

2. Wrong alignment of the drainage system. 

3. Wrong placement of interceptor drains. 

4. Restricton of outfall of different magnitude. 
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NEEDS FOR A SCEENTmC APPROACH ON DRAINAGE : 

A drainage system should be designed with the following objective in mind: 

1. To check soil erosion 

2. To regulate soil moisture 

3. To ensure safe disposal of runoff water 

4. To intercept seepage inflow and thus control the water table at desired depth. 

It is found that the first three needs are of most universal nature and a solution for them 
is required by most of the estates. The seepage inflow is a problem in some location 
as for example, the Cachar flats and teelas and Darjeeling slopes. 

It is an established fact that closely spaced graded contour drains can adequately contain 
soil erosion problem as well as regulate soil moisture to the best possible way. The 
horizontal distance, vertical intervals and their dimensions are available in Tocklai 
Memorandum No.28. It is needless to say that there can not be any alternative but to 
adopt this system as effectively as possible in tea estates located in hill slopes and undulating 
areas. 

While laying out such a system, maximum attention is necessary on location of collector 
and the junction part of the field drains with them. A faulty drain junction forms gullies 
and results in more erosion than preventing it. 


Investigations have shown occurence and fluctuation of water table at shallower depths, 
between 20-90 cm, below the ground level, during the period June to September even 
in the hills. It was also found that the rainfall received locally had very little or no effect 
at all on water table in such areas. This confirms the fact that the local rainfall is not 
the major source of excess water contributing to the water table. It is rather the sub-surface 
seepage flow from the adjacent high land which is causing the water table to rise. The 
degree of rise and fall of water table mainly depends upon the quantum and rate of seeepage 
flow and the soil properties. 

It has been observed that on sloping lands, ground water normally flows through the 
pervious upper layer underlying an impervious base. This ground water flow, often called 
interflow, causes waterlogging at certain sites : 


1 . Where the slope of the land changes from steep to flat, ( 1 A). 

2. Where impervious layer exists at shallow depth, ( IB). 

3. Where ground water may rise to the surface at the foot of a slope ( 1C). 

4. At the confluence points of pervious top layer and poorly pervious sub soil layers out 
cropping along sides of slope (Fig. ID). 
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Fig. JA, IBIC&ID 
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Under these conditions, an interceptor drain is required to control the water table. These 
drains can also be provided at random or in parallel depending upon the situation. However, 
the objective remains that the interceptor drain should be placed up to the impervious 
layer for intercepting the maximum amount of seepage flow. Such drains could be open 
or'burried type and there is no specific spacing for these drains. Quantum of seepage 
flow and studies of soil profile can only dictate the number of such drains to be provided. 


Field Investigations 

/ 

The following field investigations are required for installation of interceptor drainage 
system : 

1. Nature and extent of the waterlogged area from topographic survey. 

2. Nature ( phreatic, artisian ) and direction of ground water flow. 

3. Soil profile characteristics. 

4. Witer table and hydraulic head measurements. 

5. Depth to the impervious layer. 

LOCATION OF DRAINS 

The location of interceptor drains considered as most appropriate in the following kind 
of situations quite commonly encountered in the hills : 

1 . Abrupt change in topography 

2. More permeable soil layer sandwiched between poorly pervious layers. 

3. Impervious layer close to ground. 

4. Permeable strata under hydrostatic pressures. 


In conclusions, it may be said that soil and water management in slopy lands should be 
viewed with utmost concern. Wrongly designed drainage system in flat lands may delimit 
the productivity of the crop to certain extent, whereas, an ineffective drainage system 
in slopy lands is bound to lead to severe land loss and disaster. 


In Darjeeling^experiments were conducted during 1983-84 in areas where water table 
was fluctuating between 30 and 43 cm depth below ground level throughout the year. 
A systematically designed interceptor drainage system could effectively control the water 
table below the root zone of tea. 

The results from several experiments conducted in Darjeeling hill slopes indicated tha. 
the productivity of mature tea can be increased by minimum of 15% provided other u * 
management practices are maintained at optimum level. 
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PLANNING OF DRAINAGE FOR 
SAFE DISPOSAL OF RUNOFF WATER 
AND EROSION CONTROL IN SLOPY LAND 


J.CHAKRAVARTEE and N. BORPUJARI 


INTRODUCTION 

For optimum growth of plant, unrestricted supply of both air (oxygen) and water in 
the root zone is cssential.Such a condition is generally maintained at field capacity 
moisture level, when both air and water in the root zone remain in an optimum 
balance. 

Objectives of drainage in slopy areas : 

The main objectives of drainage in slopy areas are : 

1. Protection of the soil from erosion, by reducing velocity and area of flow, 

2. To conserve soil moisture, 

3. To control subsurface runoff and lowering of water table, 

4. To remove excess moisture from the root zone. 

When rainfall occurs on a dry soil which is well below the field capacity say during 
the period of February-March, except under exceptional condition, nearly all the 
water infiltrates into the soil. Thereafter, gradually the soil reaches the field 
capacity. 

Once the soil reaches the field capacity, the rate of infiltration slows down and is 
dependent on the percolation capacity of the soil. On the other hand, the rate of 
percolation is governed by soil types. Finer the texture slower is the percolation. 

During the monsoon, usually rainfall exceeds the percolation capacity of soil and 
under this condition runoff occurs.The runoff particularly following a storm of high 
intensity erodes the soil. 

Degree of soil erosion varies with the intensity of rain, slope of land, soil 
type, vegetative cover and volume of runoff over the soil surface. 

The runoff water flows over the soil surface at right angle to the contours and finds 
its way to natural depressions and waterways which eventually leads to streams, 
rivers and finally to the sea. 

fate of water inside the soil 

i) The water that infiltrates into the soil is first held by soil against the force of 
gravity. 
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ii) The excess water percolates vertically downward until it reaches the wa; 
table and this contributes to the rise of the water table. 

iii) The horizontal movement (lateral movement) of ground water is stow, bu 
nevertheless, follows the same direction as the runoff water i.e. at rig 
angle to the contour lines. 

Infact the catchment planning is based on the principle of movement os 
water, (both runoff and ground water). 

Water movment in the soil is shown below diagramatically. 
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Fig. 1 : Water movement in the soil 


DRAINAGE PLANNING 

Annual rainfall in the tea growing areas of N.E. India varies between 1500 mm and 
4000 mm and 70-80% of the total quantity is received within a short spell of 5-6 
months (May to October). 50-60% of the rainfall occurs at intensities of sufficient 
magnitude to cause soil erosion. Therefore,’ the plan for a good drainage system 
must provide : 
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Adequate protection from soil erosion and conservation of soil moisture. 

I The plan must incorporate a network of drainage system that ensures safe 
and satisfactory disposal of water and lowers the watertable where required. 

3 . A satisfactory main outlet (main drain) is essential for without it, the entire 
network of drainage, however perfectly laid out, will be of little use. The 
main drain must be large enough to carry away the excess water from the 
catchment area. Its dimension depends largely on the size of the catchment 
area to be drained, rainfall, soil type, outfall, etc., 

4 , The plan must provide complete plucking access, supervision, vehicle 
movement etc. 

Therefore, to achieve the above objective, a careful advance topographical 

planning on catchment basis is essential. 

For drawing up a catchment plan and drainage, the following pre-requisites are 

important : 

1. Information on topography. 

2. Information on soil type, permeability, rainfall and slope. 

3. Information on water table 

4. Information on highest flood level 

5. Information on outfall 


CATCHMENT PLANNING : 

In catchment planning, it is essential that water must be conserved and also 
disposed off safely without causing soil erosion. As the surface runoff and ground 
water flow at right angle to the contour, the topography must be the over- riding 
factor in the disposal of both runoff and ground water. 

AS a prerequisite to catchment planning, it is essential to 

features like major/minor ridges,natural depressions ‘ N^ral 

survey map.The objective is to divide the whole estate into Major or Natura 
catchments which is followed by further sub division into Minor or Natural 
ca!chments.Subsequently these Minor catchments unU 

made constructions such as roads,paths and 

becomes a catchment.Finally further division is undertaken by contour planting. 

The elevation of each contour lines is mentioned in the ‘‘’r "^e 

rise and fall of the land and where the contour are convex to he ^Uhe^ me^ 

movement of water over such area will be away ^Pf aoex'onhe curve 

contour lines are conwve to the fall,then water will ridges 

and follow downhill in a line connecting each apex. g catchment 

and dperessions can be marked out on the map easily.ln this way all the catcnmeni 

areas can be identified on the map accordingly. 

For understanding the plan, it is essential to acquaint with following terms which 
are used commonly. 
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Contour line 


A contour line is an imaginary line which joins the points of equal heights on 
earth’s surface. These lines are drawn on topographical map connecting all those 
points on ground which are at the same distance above or below a specific 
datum, usually the mean sea level. 

Contour interval 

This is the vertical distance between two contour lines and is inversely proportional 
to slope.Therefore,on steep slope the contour lines are closely spaced. When the 
slope is uniform, the contour lines are placed evenly and on flat land, the contour 
lines are straight and parallel. 

Contour lines are level lines and, therefore, they are always perpendicular to the 
lines on steepest slope. Contour lines cannot merge or cross one another except in 
case of overhanging cliffs and they must close upon themselves either within or 
outside the borders of the map. 

Movement of water 

The movement of water over the soil surface follows the laws of gravity i.e. it flows 
down at right angle to the contours. Where the contour lines are convex to the 
fall, then water will flow away from the apex of the curve. In case the contour lines 
are concave to the fall, water will collect at the apex of the curve and will move 
away in a line connecting each apex. Natural catchments are build up on the basis 
of this simple principle. 


Water Management 

i) Conservation 

Water conservation is of utmost importance in areas where drought is a 
regular feature.In such area rain water should be conserved by constructing 
suitable physical structure like dams, embankments etc., 

ii) Disposal 

Disposal of excess rainfall, which may runoff after a heavy storm, into natural 
and artificially constructed waterways is important. The banks of such 
waterways should be stabilized by growing suitable vegetation or 
constructing stone/ masonry works. 

iii) Soil Conservation 

Safe disposal of excess rainfall should be . p : d with good soil 
conservation measures.Such measures should inclu " construction of graded 
contour drains, physical barriers across the slcr slapped drain beds at 
intervals, small dams and retaining walls etc. It is : sential that adequate 
vertical intervals should be provid^ between the g.aded contour drains and 
this will depend upon : 
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Percentage slope 
Soil Type 
Rainfall 


To calculate the vertical intervals between the graded contour drains 
textured soil, the following formulae can be used: 


for medium 


i) Rainfall below 2500 mm, Percentage slope 

vertical interval in meters (V.I) = ( -f 3)x 0.3054 


ii) Rainfall below 2500 *4400 mm 
vertical interval in meters (V.I) 


Percentage slope 

( ^2)x 0.3054 

4 


iii) Rainfall above 4400 mm, veartical Percentage slope 

interval in meters (V.I) = ( + 1 .75)x 0.3054 

4 

These formulae are also applicable to other types of soils with some adjustments as 
follows : 


Soil Type 


% of adjustment 
to be made 


i) Coarse texture (sands and sandy loam) 

ii) Moderately coarse texture (sandy loam) 

iii) Medium texture (loam and silt loam) 

iv) Moderately fine texture (silt loam 
and silty clay loam) 

v) Fine texture (silty clay and clay) 

A gradient of 0.20% (i.e. 20 cm per 100 
these drains. 


: + 12 to + 20% 

+ 4 to -f 12% 

: 4 - 4 to - 4% 

: - 4to - 12% 

: - 12 to - 20% 

m length) is generally recommended for 


The above formulae are applicable mostly in area where the slope is very high and 
soil erosion is the main problem i.e. where the slope exceeds 3%. Therefore, these 
formulae will not be suitable in flat areas with slope less than 3%. For such areas 
instead of the vertical intervals, the horizontal distance between the field lateral 
drains is important 


Marking of graded contour drains on map 

Since the contour lines represent the elevation of the points they are passing 
through, it is easy to calculate and mark the graded contour drains on the 
topographical map for implementation in the field later. 
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CONTOUR PLANTING 


In hilly/slopy land, it is necessary to further divide the drain catchment into row 
catchment by planting along the contour. Planting exactly on the contour will result 
in the distance between hedges varying due to irregularities of the topography, This 
is undesirable. This problem is overcome by adopting a system called the MASTER 
ROW PRINCIPLE where some of the irregularities are taken care of. In this 
method the Master Row is located on the ground between two pairs of contour 
drains and the tea rows are aligned parallel to the Master Row. The method is 
based on the following principles : 

i) If a pair of graded contour drains converge in their direction of flow, the 
Master Row is made parallel to the top or higher contour drain. 

ii) If a pair of graded contour drains diverge in their direction of flow, the 
Master is made parallel to the bottom or lower contour drain. 

Any of the two methods given below can be used for marking the Master Row. 

METHOD 1 


Requirements 

Leader 
Assistant 
Coir string 
Bamboo stakes 


- One 

- Three 

- Two pieces long 

- Sufficient nummbers 


i) The two assistants tie one end of each piece of coir string round their waist 
and one goes to the starting point of the upf^r contour drain and the other 
to the starting point of the lower contour drain. The leader positions himself 
at a point near the top contour drain, which is one third of the total distance 
between the contour drains and holds the two pieces of the coir strings, one 
end on each hand, and the loose ends trailing behind him. The third assistant 
stands behind the leader with a supply of stakes with him. 

ii) The leader and the two assistant with coir string bound around their waist 
walk along their respective contour drains keeping the string at right angle 
to the drains all the time.The leader holds the two pieces of the string taut 
infront of his chest and start walking together towards the water course. As 
they walk,thc leader can feel whether the drains are converging or diverging. 

iii) If the leader’s hands are pulled apart then the drains are diversing and 
therefore, the Master Row should be parallel to the lower contour drain. He 
therefore, pay out string to the assistant on the upper side and keeps the 
string taut on the lower side and continues walking together until he fills his 
hand coming together and at this point the drains are conversing. Now he 
keeps the strings on the upper side taut and takes in the string fron; the 
lower side. 


iv) The third assistant follows the leader and drives the stakes on the foot prints 
of the leader thus marking the Master Row. 
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v) The team in this way covers the whole length of the catchments between 
each pairs of contour drains from crest to the water course marking the 
Master Row for each drain catchment.lt is important to note that the leader 
and his two assistants should arrive the water course at the same time. 


method 2 


Requirements 

Person - Four Nos. 

Bamboo stakest - Sufficient Nos. 

Tape (33m) - One 

or 

Coir string 

i) Two persons position themselves at the starting points of both upper and 
lower contour drains and holds the tap or the string between them. The 
remaining two persons follow the first carrying a supply of stakes. 

ii) Together they walk along the contour drains towards the water course 
noting whether they diversing or conversing. At points of* maximum 
convergence or divergence, the follower then drives stakes on these critical 
points. 

iii) For pegging the Master Row, one person will then position himself with the 
tap or string on the crest t a distance equal to one third of the distance 
between the maximum point of convergence from the upper contour 
drain. The other person will hold the other portion of the tap or string and 
will go to the upper contour drain if the drains are converging or (o the 
lower contour drain, if the drains are diverging. One person stands behind the 
first with a supply of stakes. 

iv) The two persons holding the tap or the string taut walk together and the 
third person drives the stakes on the foot prints of the person walking in 
between the contour drains until the first point of convergence is reached. At 
this point the person at the middle stands fast and the other person moves to 
the lower contour drain and continues walking towards the water course 
until the point of maximum divergence is reached. Here again the person 
walking in the middle stands fast and the other person goes to the upper 
drain and together they walk towards the water course, until the point of 
maximum convergence is again reached and the shifting of position is 
effected. In this way the process is repealed until the watercourse is reached. 
While all the third person continues to drive stakes on the footprints of the 
person walking on the middle marking the Master Row. 

After marking the Master Rows, staking for planting should be done at the 
predetermined spacing with hedges running parallel to the Master Row. 
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IMPLEMENTATION OF THE MASTER PLAN 
The master plan includes the following : 

1 . Soil moisture conservation 

2. Soil conservation 

3. Safe disposal of excess water 

4. Access 

The Master Plan will have to be implemented in stages as follows: 

i) Ridges, sites for the roads, paths and collector drains should be marked on 
the ground.The topographical features of the map should be compared with 
that of the ground by walking over the area with the map. 

ii) With the help of the topographical map and by taking measurements from 

the ground reference points, mark out each contour on the 
ground.Thereafter, grade these contour drains at a gradient of 1:500 with the 
help of a Dumpy level. For this purpose the entire length of the contour line 
is staked at every 6.09m (20*) apart and spot levels are taken at every stake 
point and a fall of 0.0121m (0.04*) is maintained between two stake points 
along the contour line. 

This is done by setting up the Dumpy level at a suitable place and recording 
Ihe first staff reading at die first starting point of the drain .The man hoiding 
the staff then moves 6,09m (20*) along the contour towards the collector 
drain. The staff man is asked to adjust the position of the staff until a 
reading of 0. 0121m (0.40*) morethen the previous staff reading is sighted 
through the instrument. When the correct reading is obtained, the position 
of the staff is marked with a stake. 

To maintain the constant distance of 6.09m (20*), a piece of string of this 
length is tied on the bottom of the staff and the end of the string is attached 
to a stake. 

iii) Once the staking of each drain is complete walk down the line of stakes and 
adjust them to smooth out the kinks by moving not more than one marker in 
three and stakes should be moved uphill rather than down hill. To create 
extra hydraulic pressure in the drain, the first stake should be moved uphill 
by 0. 030-0. 060m(0. 1-0.2*) and the last stake down hill by similar distance by 
using Dumpy level. 


Access 

The importrance of all weather easy access for both men and vehicle is 
obvious.Though the siting of roads depends upon economic factor, they should be 
direct and chep to construct and maintain. Roads which follw the crests or ridges 
meet these requirements as they have added advantage of easy water disposal, good 
supervision and easy management. Therefore, all roads should be aligned to follow 
main crests of watersheds. If this is not possible, then for this purpose graded 
contour lines must be used. 
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Detailed plan 

The detailed plan will indicate the overall policy and provide the architecture for 
its physical development in respect of : 

i) Access 

ii) Water management and safe disposal of water 

iii) Soil conservation measures 

The plan of catchment division showing all details for future development is called 
the Master PJan. 


PRECAUTIONS 

i) Sub soiling or deep ploughing should be avoided on the sites of main/sub 
main and collector drains, 

ii) Excavated soil from the drains should be uniformly spread over the area 
before planting rehabilitation crop. 

iii) For disposing off of only runoff water, 45-50 cm deep drains are adequate 
where water table never rises to within 90 cm of the ground level. For this 
purpose deep drains are not required. 

iv) Under situation where the water table rises within 90cm of soil surface, 100- 
105cm deep contour drains should be dug along the graded contours. 

v) Adequate mulching with suitable materials and retention of pruning litters. 
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PLANNING AND IMPLEMENTATION OF DRAINAGE SYSTEM 
IN FLAT LAND WITH RESTRICTED OUTFALL 


P.K. BORDOLOl 


INTRODUCTION 

The quick disposal of excess water from a land through gravity discharge depends 
on the presence of a satisfactory field drainage system and an adequate outfall at 
the recipient river/stream or bheel. When this outfall is inadequate, disposal rate of 
excess water by gravity becomes very slow and may have even back flow during the 
peak monsoon months. Pump drainage becomes necessary when the difference 
^tween the elevation of tea land and the highest/average water level in the outfall 
is negligible. 


Owing to restricted outfall, flat lands in many tea growing areas of N.E India very 
often suffer from waterlogging in various degrees. Rising of the bed of the main 
recipient river (like the Brahmaputra), due to siltation, and clogging of natural 
water ways due to unplanned urbanisation and also due to paddy cultivation, 
draining out of excess water during peak monsoon months has become more and 
more difficult particularly from the tea areas situated in comparatively lower 
elevation. Such areas demand a different approach for water movement with a 
proper pump drainge design system. 


CATEGORISATION OF OUTFALL CONDITION 

Tocklai conducted a survey on some gardens of Cachar and Assam having acute 
waterlogging problem and defined five categories of outfall as described below: 

Category Description 

I The difference between the average water level of the. recipient 
river and the lowest contour of land is negative i.e. the average 
water level is lower than the land level (basin type). Pump 
drainage is required. 

II The difference does not exist or the levels are almost equal. Outfall 

is practically nil. Pump drainage is required. ® 

III The difference is equal to or less than Im. A combination of gravity 
and pump discharge should be considered. 

IV The difference is equal to or less than 2m. Provision for gravity 
sluice gate (not for pumping) against short duration flood may be 
necessary. 

V The difference is greater than 2m. Drainage by gravity discharge 
alone is feasible. 
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PLANNING OF PUMP DRAINAGE SYSTEM 

Planning for pump drainage requires following information: 

(i) Scope of an outlet drain ( disposal channel) beyond the estate boundary 
upto the recipient river. 

(ii) Average and highest water levels on the recipient stream during the 
monsoon. 

(iii) Assessment of the outfall restriction both in terms of magnitude and 
frequency. The portion of the catchment which is within 0.5 to 1.0 m above 
the average water level (AWL) of the river should be marked out on the 
topographic map showing contours at every 30 cm interval. To design pump 
drainage only this area is to be considered. 

If the frequency of exceeding the AWL is more due to flood, than the 
highest flood level (HFL) should be considered for designing. 

Pump drainage should be considered during critical monsoon period only when 

satisfactory gravity discharge cannot be effected. 


DESIGNING PUMP DRAINAGE 

Designing pump drainage requires consideration of the followings: 

1. Segregation of the pump drainage catchment 

Once the area for pump drainage is correctly identified, the catchment should 
be isolated by providing a perimeter drain and or a bund preventing entry of 
water from the catchment situated on higher level into the pump catchment. 
While designing the outlet for pump drainage, the main channel is interrupted 
at the boundary between high and low areas and is diverted through a new 
channel to a gravity outlet. The down stream part of the channel is then used 
as the main drain for the area for pumping and is connected to the pumping 
station. Fig.l and 2( a, b, c & d ) show schematic diagrams of pump drainage 
catchment and how this can be segregated from the higher catchment (2'a and 
2b). 

The existing channel may be kept as usual also but at the lower area no field drains 
are allowed to discharge water into this channel. New channels are dug either 
alongside (2c) the existing drain or at some distance from the channel (2d). 

2 , Bed grade 

Adoption of almost flat grade results in shallow depth of drain at the outlet 
and decreases the area for pumping. A bed grade of less than 0.05% , however, 
may not be exceptable in view of siltation of drain bed. 
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AWL - 25.00 AT ESTATE BOUNi^U^IES 


After separation with a diversion channel for qravitv 
discharge of ^igh area. ^ 

— — — - Main outlet channel of low area. 

Embanked transport conduit accross the low area for 
oravity discharge. 

Low area pumped catchment. 


Fig. 1. Schematic diagram for a pumped area. 
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a. ORIGINAL SITUATION 


b. DIVERSION CHANNEL FOR 
GRAVITY DISCHARGE 


Fig. 2 (a,b): Separation of a catchment into a pumped and gravity out flow 
compartment 



C. Embanked transport 
conduit accross the 
low area for gravity 
discharge 



I ig.2(c,d): Separate main drains in pumped area for pumped discharge 
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Let us consider an area with 1500 m length of the main drain to the outlet 
point. The land is sloping towards the outlet. The highest contour is 30.50m. A 
free board of 1.2 m depth in drain is considered. Suppose the AWL is 28.70* m. 
Now if we put a small grade like 0.04%, for 1500 m the drop will be 0.60 m 
leaving a free board of 1.2 m (30.50 - 1.20 = 29.30 - 28.70 = 0.60). With 
1.2 m free board we shall cover 1500 m length of the drain and reach the 
outlet point. The drain bed will not be below AWL. The gravity discharge from 
the farmost point is pk>ssible. However, this grade may lead to siltation and 
control of water table in the field at desired depth may not be possible. If a 
higher grade like 0.1% is selected the drop of 0.6 m is achieved after covering 
6(X) m length and the AWL is reached. So, 900 m (1500-600) at the lower part 
will still be left which requires pump drainage. 

If the same grade is continued to the outlet than the last point of the drain bed 
will be 0.90 m below the AWL. This situation is not satisfactory. Selection of 
0.06% and 0.05% slopes allow to cover 1000m and 1200 m respectively to 
reach the AWL. About 500 m & 300 m lengths are not covered respectively 
and these areas need pump drainage. The depth of the lowest point of drain 
bed in these cases will be 0.30 m & 0.15 m respectively. Pump drainage for this 
situation will be easier. 

3. Recurring interval 

For economic reason, the recurring interval or the return period of design 
storm may be taken as 5 years instead of a longer point. All other principles 
for designing the drainage system in the pumped catchment are essentially 
same. For pump drainage also the rainfall intensity, run-off co-efficient etc. are 
to be considered. 

4. Determination of pumping capacity 

In selecting the pump capacity the following points are to be considered (i) size 
of the area served (ii) amount and rate of rainfall and run-off (iii) ground 
water table and (iv) seepage rate. 

Pump capacity can be determined as follows. Sub-surface flow should be 
determined from the water table gradient and permeability value. 
Multiplication of average water table gradient and average permeability gives 
the rate of sub-surface flow. In the catchment area gradient should be 
determined when the gravity discharge ceases. In a case study discussed later, 
the average difference between water tables was 0.99m.The distance between 
the points of water table measurements was, on average, 450m. Thus, the 
gradient was 0.99 / 450 = 0.0022. This gradient when multiplied by the average 
permeability of the soil (5.88 m/day) produced the sub-surface flow of 
13mm/day. So, two pumps, each having equivalent of 1 mm/hr discharge, were 
chosen which were run 8 hrs. a day. Thus, these pumps could effectively cope 
with the sub-surface flow of I3mm/day (Imm/hr x 8hr x 2 Nos. = 16mm/day). 
This sub-surface flow can be scientifically determined. 

To give a general guide line on the required discharge rate of pumps under 
different restriction levels, estimations were made for 100 ha of land having 
main drain at 0.1% bed grade, 1:1 side slope and with 2 m wide drain bottom. 
Further, the assumption was that the water level in the main drain becomes 
almost negligible within a period of 3 days pumping (8 hrs/day). The data are 
given in Table 1 . 
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[•rom the work done at Tocklai, tentative guide lines for appropriate channel size, required H.P. 
and number of pumps for catchment areas of 50 and 100 ha arc given in Table 2. The data arc in 
relation to Suprim Kirloskar Centrifugal Drainage Pump with TV2 engine, 14 HP, Head 8 m, 
delivery and suction hose length 8m. Forpumping, the low head and higherdischarge Axial-pump 
or Mixed flow pump should be used. However, this table serves as general guide line only. 
Depending upon the outfall situations cither (a) only pumping, or (b) 50:50 gravity and pump 
discharge or (c) 67:33 gravity and pump discharge arc suggested, corresponding to the discharge 
criteria of 30, 15 and 10 mm/day respectively. 

TABLE 2. TENTATIVE SUGGESTIONS FOR PUMP DRAINAGE AT 
DIFFERENT SITUATIONS. 


Catch 

Out . 

Drai- 

Channel 

size 

Pump Disch. 

Pump requirement 

mem 

area, 

ha 

fall 

m 

nage 

sys. 

Depth Bott Top 

mm/day 

Hrs. of 
Pumping 
(single 
pump) 

H.P. 

required 


Nil 

100% 

pump 

1.6 

2.0 

5.2 

30 

1500 

42 (3) 

50 HA 

0.75 

50% 

gravity 

33% 

pump 

1.8 

2.0 

5.6 

15 

750 

28 ( 2 ) 


1.50 

67% 
gravity 
+ 33% 
pump 

2.0 

2.0 

6.0 

10 

500 

28 ( 2 ) 


Nil 

100% 

pump 

1.6 

4.0 

7.2 

30 

3000 

84 (6) 

100 

0.75 

HA 

50% 
gravity 
+ 50% 
pump 

1.8 

4.0 

7.6 

15 

2000 

42 (3) 


1.50 

67% 
gravity 
+ 33% 
pump 

2.0 

3.0 

7.0 

10 

1000 

42 (3) 


5. SELECTION OF PUMP 


The following points are considered in selecting pumps: 

(i) Type 

(ii) Characteristics 

(iii) Capacity 

(iv) Head 

(v) Number 
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Table 1 ; Discharge rates of pumps (mm/day) under varying situation of 
Outlet restrictions 


Depth of 
restriction, 
in m 

Total discharge, 
to be pumped, 
in mm 

Discharge rate for 
pumps to control 
water level in mm/day 

0.30 

20.0 

6.66 

0.50 

45.0 

15.00 

0.70 

90.0 

30.00 


The drainage pumps are high discharge and low head pumps. They require to 
handle substantial amount of sediments and trash in the water. For these either 
Axial-flow propeller) or Mixed- flow pumps are commonly used. Figure 3 may be 
followed in selecting the appropriate pump size. 


DISCHARGE , cum/s 



DiSCmRGE, U.S* GPM 

Fig. 3. Pump selection chart (U.S.S.C.S., 1973) 


Axial-flow pump works well for dynamic head of 1 to 5m., speed of 450 to 185C 
RPM and discharge capacities upto 6000 lit/sec. The vertical, fixed blade, single 
stage pump is applicable to most drainage system requirement. These pumps are 
simple in construction, low in cost, require no priming at head less than jm, require 
a minimum amount of floor space and housing. Because of their high speed, axial- 
flow pumps can utilise less costly, high speed motors or engines. 
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Mixed-flow pumps develop flow which is partially radial and partially axial. These 
pumps operate more effeciently over a wide range of head i.e. 3 to 30m, These 
pumps can also handle silt and small trash. They permit shallower and less costly 
excavations and* sumps but are more costly and require priming at high heads. 

6. Power and drives 

Electrical motors and internal combusion engines are used as power unit for 
drainage pump. However, clefctric motors arc more common for their simplicity 
and low cost. Squirrel-case motors arc more preferred than synchronous motors as 
they are cheap. Since the starting torques of mixed-flow or axial-flow pumps are 
high, capacitors should be installed with the motor to adjust the line voltage drop. 

Power requirement can be determined as follows : 

QxH 

WHP 

76 

WHP = water horse power 
3 

Q = discharge rate, m / sec. 

H = Total pumping head, m 

WHP 

BHP = — 

Motor efficiency x Pump efficiency x Transmission or drive 

efficiency. 

BHP = Brake horse power. 

With direct drive pumps the drive efficiency is 100%. The efficiency of motor and 
pumps are supplied by manufacturers, 

7. Size of the sump 

Generally the storage requirement depends on the pumping rate and frequency 
of cycling. In case the inflow rate is less than the pumping rate, need of cycling 
arises. In general, for the manually operated pumps, the number of stops and 
starts should not exceed two or three cycles/day. For automatically operated 
pumps there may be even 10-15 cycles. 

The storage volume can be calculated by the following equation : 

3600 S S 

- = T 

N QP-Qi Qi 

where, N = No. of cycles/hr. 

3 

QP = Pumping rate, m/sec. 

.2 

Qi = Inflow rate, m/sec. 

3 

S = Storage volume, m 
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The reservoir should be sufficiently deep so that at the time of pumping the suction 
hose pipe is fully submerged. There should be at least 60 cm depth between starting 
and stopping levels of pump. 

8. Sluice gate and retention structures 

The size of sluice opening or the orifice is very important. The cross-section of 
a submerged type of orifice or gate can be found out from the following 
formula : 


Q = CA J 5gH “ 

3 

where Q = discharge rate, m/sec. 

2 

A = cross-sectional area, m 
H = pressure head,m 
C =0.63 for submerged orifice 
2 

g = 9.81 m/Sec. 


OTHER REQUIREMENTS OF PUMP DRAINAGE DESIGN 

1 . The pumping plant location is determined by : 

(a) topography 

(b) ground water condition 

(c) accessibility of power line and fuel supply roads 

(d) protection rrom vandalism. 

The station should be preferably located nearest the outfall and at the lowest 
elevation as far as practicable to increase the efficiency of pump. 

2. Pumping is only done when necessary after the gravity discharge ceases. 

3. There should be standby or reserve pumps to guard against breakdown or 
emmergency. One in three pumps is the normal provision for the standby. 

PUMP DRAINAGE - A CASE STUDY 

In a tea estate near Jorhat a pump drainage project was conducted on 50 ha of 
fairly flat land having a slope of Im in 1000 from southern extremity towards the 
northern outlet. To prevent the entry of flood water in the Northern side a 
perimeter drain and a bund of about 90 cm height was constructed. Fig. 4 shows the 
land contour of the area. Because of the insufficient outfall, a shallow main drain 
of dimensions of 1.2 m deep and 1.2 m wide was provided at the outlet at the time 
of taking up this drainage project. Fig. 5 shows the average water level (AWL) and 
highest flood level (HFL) etc. of the project area. 


88 




Fig.4. Land contour of pump drain area. 



DISTANCE, M 


Fig.5. Outfall restriction with correct bed grade. 


As there was outlet restriction the drain before starting the project was laid out at 
shallow depth to reach upto the river which was 600m away from the garden 
boundary. It was about 30 cm deep at the start of the channel and 60 cm deep at 
the outlet. Original grade and position of the drain is shown by ABC line. It is 
obvious that such shallow drain was insufficient to control the water table in field at 
the required depth. Considering that pumping will be resorted to , the main 
channel was modified. The drain was made 1.2 m deep at the starting point D and 
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reaching point E i.e. outlet point after covering 600m DE line shows the rnodmcd 
drain bed^o doubt the drain bed went below the AWL and to of 
sluice gate was constructed and pumping was done. At E point dram was ^ de^ 
i.e. 0.48 m lower than AWL. That is to say the outlet restriction was 0.48 m. The 
drain size was also increased as shown in Fig. 6. 


I* 4.6M — 



Free board 0.6 M 

Side slope Ul 

Bed slope 0.1% 


Fig.6. Cross-section of modified main outlet channel. 


It was observed that when the flow of the depth in the modified drain was about 
0.48 m the velocity of flow was negligible confirming thereby necessity of pumping. 
This is shown in Fig.7. 



MAIN CHANNEL DEPTH OF FLOW, M 
FIg.7. Relation between depth and velocity flow. 
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The control of W.T. between two seconoary field drains as well as the average 
channel water level effected by both gravity and pumping discharges and the 
rainfall for few months are shown in Fig. 8. The rainfall peaks, mid-point water 
table, channel water level concided very closely, thereby indicating quick response 
of water table to rainfall. Even at high intensity of rainfall the channel water level 
did not rise above 1.2 m thereby enabling control of ground water in field at 90 to 
100 cm from the ground surface. Though in few occasions W.T. came up near to 
the surface, existance of water level in main channel at about 1.2 m depth ensured 
quite fast recession also. 


^^RAINFALL, 

50 



Fig.8. Effect of drainage system on water table, channel water level in monsoon 
months. 


To make it more clear the recession of water table system 

(both by gravity and pump discharge) is shown in Table 3. Following o 

different Lgnitudes the W.T. rose between 4 to 21 cm but wth.n a period of 24 
hrs. by gravity discharge alone W.T. receeded approximately between 60-70 cm. 

During next 12 hours the W.T. receded only by lO'lJ cm. For 
beyond this point pumping was resorted to and in next 12 hrs. the 
about 90 cm from the ground surface. 
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Table 3 : Effect of the designed drainage system (gravity cum pump drainage) on 
the recession of ground water table mid-way between two secondary 
field drains. 


Event 


Initial 


Water table height in cmflielow GU at various hrs 




24 

36 

48 

24“r 

48 

1 MAI 

60 

72 

96 

1 

21 

74 

81 

. 


87 

91 

96 


2 

10 

70 

80 

- 

- 

83 

90 

95 


•3 

13 

54 

66 

76 

- ’ - 

. 

79 

84 


4 

40 

79 

- 

- 

- 87 

90 

92 

96 


5 

4 

70 

- 

- 

- 80 

86 

94 


O 

6 

5 

66 

70 

82 

- 

90 

90 

93 

102 


* Intermediate rain within 24 hrs. 

® Water table increase due to rain. 

The effect of improved draina^ system on yield is shown in table 4. Within 3 years 
there was 2S-SS% increase in yield of mature tea.During the same period the 
increase of crop in young tea was about 118-232%. This is due to drainage and age 
factor of tea as welt, increase of average crop up to 37-63% indicates that the 
cost benefit ratio is favourable in case of pump drainage system. 


Table 4: Effect of drabuge system on yield. 


Made tea kg/ha 

Before pump After Pump % increase 

drainage* drainage** range 


Mature tea 1183 1374 23 - 33 

Young tea 308 1497 118-232 

Overdl 996 1370 37 - 63 


* Average of five years 

** Average of three years. 


FUTURE OF PUMP DRAINAGE SYSTEM 

The beds of the two important main recipient rivers of Assam i.e. the Brahmjqiutra 
and the Barak are rising up at a futer rate due to high order of siltation. Unless 
the siltation is stopped there is every chance that the gardens/sections which are 
now being drained marginally by gravity will suffer mm acute problem of outlet 
restriction after some years. It is beyond doubt that if the problem is properly 
identified and the r^uired area is pn^ly segregated, a pcafectly designed pump 
drainage system will be able to control the water table to the required depth 
economically. 
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SOIL MOISTURE MANAGEMENT IN TEA 


H. GOSWAMI and D.N. SAIKIA 


INTRODUCTION 

Efficient use and management of water are two most critical factors responsible for 
increasing the productivity of tea. Vegetation and the soil on which it grows are two 
important components of the hydrological cycle as shown below: 




Fig. 1; Hydrological cycle 



WATER BALANCE SHEET INSIDE THE SOIL 

Water is added to the soil in the form of rain or irrigation and a portion of it is intercepted 
by tea foliage and the amount of water intercepted will depend upon the intensity of 
rainfall and ground cover. A portion of water will be lost to the atmosphere as 
evaporation and the remaining portion of water will be received by the soil. Depending 
upon the intensity of rainfall, slope of the land, vegetative cover, organic matter and 
moisture content of the soil, portion of this water will be lost as runoff and some portion 
will infiltrate into the soil. Again a part of the infiltrated water will be retained in the 
root zone of tea and the remaining portion will contribute towards building up of the 
water table. Some amount of this water is also lost due to deep seepage from the 
area. 


LOSS OF WATER FROM THE SOIL 

The water which remains stored in the soil is subject to two major vapour losses. 
Some amount of water is lost due to evaporation through capilary rise from the soil 
and the balance portion is lost due to transpiration through the aerial portion of the 
tea bushes. Fig 2 shows the water movement from the soil to plants and then to 
atmosphere and back to soil. 
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SOIL WATER POTENTIAL 


Energy is required for retention and movement of water in soil and the difference 
between the free energy of soil water and that of pure water in a standard reference 
state is termed soil water potential. Soil water potential decreases as water moves 
through the system. The moisture potential must be higher in the soil compared to 
the plant roots if water is to be absorbed from the soil. In the same way, water moves 
up the plant system in response to the difference in moisture potential. 

RESISTANCE TO WATER FLOW 

There are two major points of resistance to movement of water from soil to plant 
system- the root-soil water interface and the leaf cell-atmosphere interface. This means 
that two primary factors (a) the rate at which the water is supplied by the soil to the 
absorbing roots and (b) the rale at which the water is evaporated from the leaves, 
determine whether the plants are well supplied with water. Fig 3 shows the change 
in soil moisture potential as water moves from the soil through the plant system. 


Atmosphere 



Fig 3. Change in soil moisture potential as water moves from soil through the 
plant system. 
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Fig 4. Shows the relationship between the moisture potential and soil moisture content 



Fig 4. Soil moisture characteristics 


From the above figures it can be seen that there is gradual change in potential with 
increased soil water and vice-versa. 


MEASUREMENT OF SOIL MOISTURE 

A number of methods are used to measure soil moisture and some of them which 
are commonly used are given below : 
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L Gravimetric 

This method permits direct measurement of the amount of water associated 
with a given mass of dry soil solid. 

2. Volumetric 

This is defined as the volume of water associated with a given volume of dry 
soil. In this method the depth of water ovej a given area is measured e.g. an 
acre foot of water or an acre inch of water. That means the volume of water 
needed to cover a depth of 1 feet or a depth of 1 inch over an acre of area 
respectively. 

3. Indirect method 

There are several indirect methods by which the soil moisture can be measured 
and they are Electrical Resistance, Tension or Suction and Nutron Probe 
method. 


Electrical resistence of certain material such as Gypsum, Nylon and fibreglass 
is related to their water content. When such materials, suitably imbeded with 
electrode, are surrounded by soil they absorb water in proportion to the soil 
moisture content. These materials give reasonably accurate moisture reading 
in the range of - 1 to - 1 5 bar potential. ..... 

Water is held in the soil under some force or tension and this principle is used 
to measure soil water by Tensiometer method. For this field Tensiometers 
are used to measure the tension at which the water is held by the soil particles 
and the effective range is from 0 to 0.8 bar potential. 

The Nutron probe moisture meter works on the ability of hydrogen atoms 
to reduce the speed of fast moving nutrons drastically and to scatter them. 
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MOISTURE STATUS OF SOIL 


1. Saturated soil 

When rain or irrigation water falls on the soil surface, it moves quickly into 
the soil profile depending upon the hydraulic conductivity of soil. All the micro 
and macropores are filled up with water and at this stage, the soil is fully saturated 
with water. This is the maximum retentive capacity of soil and the soil moisture 
potential is very high. 

2. Field capacity 

After 2-3 days of reaching the very high moisture potential, all the drainable 
water will be drained out and the macropores will become empty and the spaces 
will be occupied by air or gases. Only the micropores will remain filled with 
water which will be held tightly by the soil particles and is not influenced by 
gravitational force. The moisture content at this stage is called the field capacity 
moisture and the matric potential is -0. 1 to -0.3 bar. Plant roots can very easily 
absorb this moisture. 

3. Wilting point 

With the evaporation of moisture from the soil and by transpiration, the soil 
moisture content is further reduced and the matric potential decreases and 
reaches the value of -15 bar. At this stage the moisture is so tightly held by 
the soil particles that the tea roots cannot absorb this moisture at all. The moisture 
content at this stage is called wilting co efficient. The water at this stage is held 
by smallest micropores. 

Table I shows available moisture from different types of soil. 

Table 1. Available moisture for different types of soil. 


Soil type 

Tea Estate 

F.C. % 

W.P. % 

Available 
moisture % 

Sandy loam 

Borbhetta 

15.80 

4.85 

10.23 


Hunwal 

14.97 

5.02 

9.95 


Sycotta 

15.80 

6.40 

9.40 

Silty clay loam 

Ghillidary 

26.47 

7.75 

18.72 


Koomtai 

25.44 

10.07 

15.37 


Dirok 

29.69 

11.18 

18.51 

Poat soil 

Ishabheel 

51.42 

25.37 

26.05 


Hatikhira 

49.33 

21.40 

27.93 


Longai 

45.50 

21.52 

23.98 


When the moisture content falls below the wilting point, the force of attraction 
between the moisture and the soil particles increases. This moisture is held 
very tightly by the soil particles and is absorbed by their colloidal surface. This 
moisture is held by a force which is equivalent to -3 1 bar. 
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Fig. 7 shows the volume of soil, air and water at saturated, field capacity, wilting point 
and hygroscopic co-efficient. 


Saturated soil 


Field capacity 


pm Solid □ Water 




Wilting coefficient 


Hygroscopic coefficient 



I* Solid Y Pore space^ 


Fig.7. Proportion of soil, water and air at different moisture status of soil. 


There is a well established relationship between moisture retention and its 
subsequent use by plant. Gravitational water is of little use and may be harmful. 
On the other hand, the soil moisture retained in the soil between the field 
capacity (-0.1 to -0.3 bai) and the wilting co efficient (-15 bar) is said to 
be usable by plant and can be termed as available water. Water held at potential 
lower than -15 bar is unavailable to most of the plants. 

Under normal circumstances for optimum plant growth the soil nioisture 
content should be maintained near field capacity with a potential of - 1 bar 
or higher. 
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SOIL MOISTURE LOSS 


Moisture from the soil is lost by direct evaporation and through transpiration from 
the aerial parts ot plants and this two losses together is called evapotranspiration |ET) 
losses. This is influenced by atmospheric vapour pressure, temperature, wind velocity 
and soil moisture content. ET losses during the dry period for different tea growing 
areas of Assam is presented in table 2. 

Table 2. ET losses during the months October-April in different regions. 





M i 

3 N T H 




Region 

Oct 

Nov 

Dec 

Jan 

Feb 

Mar 

Apr 

South Bank 

117 

66 

yi 

30 

40 

79 

114 

North Bank 

125 

65 

41 

30 

42 

96 

122 

Cachar 

135 

79 

42 

35 

51 

96 

135 

Docars 

105 

65 

43 

36 

45 

90 

128 


SOIL MOISTURE MANAGEMENT 

Evapotranspirational losses are influenced by certain soil and crop management 
practices and the efficient use of water by plants is affected by these management 
practices. Soil moisture retention can be increased by the following factors: 

1. Consolidation 

A good ground cover is essential for conservation of moisture in tea. Therefore, 
the vacancies should be infilled to consolidate the tea areas to achieve better 
ground cover. 

2. Green/Cover crop and Mulching 

Judicious use of green crop together with heavy mulching in young tea areas 
especially on the south-western aspect of slopy land will help in conserving 
soil moisture which will be available to tea plants. On slopes, using mulch in 
strips across the direction of the slope will reduce soil erosion drastically. 

3. Shade trees 

ll is a well established fact that shade trees help in conserving sod moisture 
tremendously. Therefore, efforts must be made to improve shade status of 
tea areas, where required. A good stand of shade trees also adds 4000-5000 
kg of organic matter per ha in the form of leaf, twig falls annually. 
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4. Tillage 

The method of minimum tillage should be practiced to conserve soil moisture, 
top soil, nutrients and organic matter in the soil. 

5. Hard pan 

Presence of a hard pan or an impervious layer in sub-soil is detrimental for 
infiltration or flow of water into the soil. Sub-soiling is recommended where 
soil is heavy or hard pan exists. 

6. Drainage 

With good sub-soil drainage it is possible to increase the usable soil moisture 
content in the root zone of tea. In water logged soils all the pores are filled 
with water and the soil become deficient in oxygen. By a system of good 
drainage it is possible to supply enough oxygen to root zone and to release 
carbondioxide to the atmosphere. 


7. Irrigation 

Soil moisture deficit can be made up through irrigation. However, for efficient 
use of irrigation water, a good sub-soil drainage system is most important. 


101 



SOIL CHEMISTRY UNDER WATERI.()GGED CONDITIONS 


K.K.GOHAIN 


INTRODUCTION 

Plant roots and soil micro-organisms utilise oxygen from the soil air and give off 
carbon-di-oxide. A continuous supply of oxygen is needed for this process and if this 
supply becomes insufficient as in waterlogged soils then the plant growth will be limited 
due to insufficient supply of nutrients. Some toxic substances such as ethylene, methane, 
hydrogen sulphide, cyanide, butyric acid etc. accumulate under waterlogged condition 
which impair the growth of plants. 

Submerging a soil brings about a number of electrochemical changes in soil, viz (i) a 
decrease in redox-potential, (ii) an increase in soil pH, (iii) cation and.anion exchange 
reactions, (iv) absorptions and desorptions of Ions. 

SOIL REDUCTION 


The most important chemical difference beween a waterlogged soil and a well drained 
aerated soil is that the former is in a reduced stale (i.e. lack of oxygen). Although a thin, 
brown oxidised layer is observed at the surface, waterlogged soil is grey, blue-greenish 
in colour due to the reduction of ferric iron to ferrous iron and has a low redox potential. 
The redox potential of a soil provides a useful measure of its oxidation reduction status 
which affect the growth of plants. A waterlogged soil has reduced counterparts of Nitrate, 
Sulphate, Manganese, Ferric iron and Carbon -di oxide : Ammonium, Hydrogen sulphide, 
Ferrous iron and Methane. Reduction in the soil is a consequence of anaerobic respiration 
by soil bacteria. This reducing condition in the soil affects many inorganic and biological 
processes and as such has an important impact on plant growth. In simple terms, a positive 
Redox potential indicates oxidising condition of the soil whereas a negative indicates the 
reverse i.e. reducing condition. In general, the redox potential of waterlogged soil lies 
in the range of -i- 600 milli volts to -200 milli voills. A specific sequence of reactions 
take place under waterlogged conditions which can be divided into two stages as shown 
in table 1 

Table 1: Microbial metabolism in waterlogged soil 


Main reactions 
FIRST STAGE 


Redox potential (E ) 
h 


Oxygen disappearance & carbon 

di-oxide production -k- 600 + 500mv 

Nitrate reduction & Nitrite formation + 600 + 5(K)mv 

Manganous (Mn) formation + 600 -I- 500 mv 

Ferrous (Fe) formation -f 5(K) -f 300 mv 

SECOND STATE 

Sulphate reduction & sulphide formation 0.0 - 170 mv 

Hydrogen formation - 150 -220 mv 

Methane or Marsh-gas formation -130 - 170 mv 
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Thus, from Tabic 1 , it is seen that anaerobiosis begins with the disappearance of Oxygen 
and Carbon-di-oxide gas formation. The nitrate is microbiologically reduced to nitrite 
which may be toxic to plant roots and through this process of denitrification nitrate is 
finally reduced to Nitrogen gas and in this way Nitrogen is lost from the soil (Gaseous 
loss through denitrification). 

Manganese and Ferric iron reduce to manganous and ferrous iron associated with slight 
drop in the redox potential of soil. 

The redox-potential is reduced substantially in the second stage as a result of the reduction 
of sulphate to sulphide such as hydrogen sulphide gas which is toxic to plant. Hydrogen 
and Methane are also formed with further reduction in redox potential. 

The soils with high percentage of organic matter have lower redox potentials due to the 
fact that organic matter favours the growth and metabolism of anaerobic microoganisms. 
Fig. 1 shows the range of redox-potentials usually found in well-drained aerated soil and 
in waterlogged soil. 


WATERLOGGED SOIL 


DRAINED SOIL 


HIGHLY 

REDUCED 


REDUCED 


n r 


MODERATELY 

REDUCED 




OXIDISIlD 








a. 


JL 


±-j 


-300 -200 -100 0 +100 +200 +300 +400 +500 +600 +700 

(Eh) REDOX-POTENTIAL, mV 


Fig.l. Redox-potential in well-drained and Water-Logged soil 
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1 . Qualitative tests for sulphide (H 2 S)forination 

Sulphide injury in the root system revealed clearly by the following qualitative tests: 

(i) Foul Odour of H^Sgas when the roots are smeared with N/ 10 Hcl. 

(ii) Change in colour of the root system from black to a reddish brown when exposed 
to atmosphere due probably to the oxidation of sulphide compounds. 

THE PH OF WATERLOGGED SOILS; 

After submergence of an aerobic soil the pH decreases during the first few days and 
then rises asymptotically to a value ranging between 6.7-7. 2 in a few weeks time. The 
overall effect of submergence of tea soils is to increase the pH which is due to the reduction 
process under waterlogged conditions. 

The rise in pH due to waterlogging may be due to the change in redox potential of 
Fe'^^/Fe‘^*^andMii*^Mn^'systems whereas decreasing trend after 56 days (Table la) of 
submergence may be due to the production of C02-gas or organic acid. Reduction of 
Eh due to change of to Fc^'^and to increased the pH of the 

submerged soil. 


Table 1 A : Effect of soil submergence on p H 


Soil No. pH of the soil after submergence (days) 



0 

8 

16 

24 

32 

40 

48 

56 

64 

72 

1 

4.90 

5.30 

5.35 

6.00 

6.00 

6.50 

6.50 

6.43 

6.30 

5.80 

2 

5.20 

5.35 

5.70 

6.00 

6.10 

6.00 

6.20 

6.20 

5.90 

5.60 


Mean room temper. = 3 2^C 

Soil pH increases with lowering of temperature due to decreased ionisation in the soil 
extract (Table IB) 
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Table IB: Soil p H as affected by lowering of temperature (sumbmerged soil). 


Soil pH at (.C) 


At30C 

Atl8C 

5.52 

5.71 

5.00 

5.05 

5.43 

5.58 

5.35 

5.50 

6.25 

6.45 


Table 2: Reduction Reactions in soil. 


3Fe (OH)^+ H + e- 

No j (aq) + 6H aq + 5e 

+ 

No^aq + 2H aq +2e 

So^- aq + lOHaq + 8e 

Co 2 (gas) + 8 1? + aq + 8e- 
■f 

HPC^aq + lOH + aq + 8e - 


= Fe(OH) +H20 
3 ' 8 

= X N2 (gas) + 3H20 
= No-(aq) + H20 
= H^Saq+4H20 
= CH^(gas) + 2 H 2 O 
= PHj(GAS) + 4H20 
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(b) Nitrogen loss from waterlogged soil: 

Nitrogen may be lost from a waterlogged soil in four ways, viz. 

(i) denitrification (ii) leaching losses of^nitrate and ammonia 
(iii) ammonia volatilisation (iv) run-off. 

(i) Denitrification: 

Oxidised forms of nitrogen, nitrite and nitrate, can be used by certain facultative anaerobic 
micro-organisms and reduced to nitrogen gas. This is an anaerobic bacterial process called 
denitrification. It results in a decreased fertiliser use efficiency and contributes a substantial 
portion of the atmospheric nitrogen oxides, which is a potential threat to the environment 
through the formation of nitric acid. The rate of denitrification is known to increases 
with increase in pH, nitrate concentration and the availability of reductants in the soil. 
Fig.2 shows how the added nitrogenous fertiliser is lost through denitrification. Ammo- 
nium-N applied to the oxidised soil surface is nitrified and then leaches down into the 
reduced sub-surface layer, where it is denitrified and lost from the soil. 




N, <- 


WATER 


> HNO^ > HNO3 

NITRinCATION 


LEACHING 
HNO, 4 HNO, 


DENITRIFICATION 


OXIDISED SOIL 
LAYER 


^ REDUCED SOIL 
LAYER 


FiR.2. DeoMriOcation of N-fcrtfliicr Ib wl 


The decrease in pH after a few days submergenc is probably due to the increased 
accumulation of carbon doixide in the soil produced by respiration of aerobic bacteria. 
The subsequent increase in pH of acid soils is due to the soil reduction. As all important 
reduction reactions involve the consumption of hydrogen ion and thereby increasing the 
pH. 
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Organic Matter Decomposition 

The decomposition of organic matter in a waterlogged soil is slower as compared to 
well-drained aerated counterpart. The end products are also different. As anaerobic 
bacteria operate at a much lower energy level than aerobic bacteria, both decomposition 
and assimilation are much slower in waterlogged soil than in aerobic soils. In a normal 
well-drained soil the end products are carbon dioxide, nitrate, sulphate and resistant 
residues (humus) whereas in a waterlogged soil, they are carbon-di -oxide, hydrogen. 
Methane, Ammonia, hydrigen sulphide etc. 

Nitrogen: 

Under waterlogged condition, the nitrogen supply comes from three sources (i) Ammo- 
nium N present when the soil is waterlogged (ii) Nitrogen mineralised from soil orgainic 
matter and plant residue under waterlogged conditions and (iii) Nitrogen added as a 
fertiliser. 

Nitrate and Nitrite nitrogen present in the soil at the time of submergenc are usually lost 
quite rapidly through denitrification. 

(a) Mineralisation of nitrogen: 

The moneralisation of organic nitrogen in waterlogged soils stops at the ammonia stage 
because of the lack of oxygen to carry the process of nitrification via nitrite to nitrate. 
Thus, ammonia accumulates in anaerobic and waterlogged soil. Mineralisation of organic 
nitrogen to ammonium stage is very rapid in waterlogged soil as compared to the 
well-aerated soil. Mineralised -N in waterlogged soil is in the from of ammonium iron 
only but in a well-aerated soil, it is in the three forms because of the presence of oxygen. 

Ammonia production in waterlogged soils follows roughly a asymptotic curve and the 
kinetics of ammonia release can be described by: 

Log (A-Y) = log A-Ct 

where : A = mean maximum NH^-N concentration 

Y= actual concentration “ t’’ days after submergence 
C= a parameter depending on the soil. 

(ii) Ammonia Volatilisation: 

This loss under waterlogged condition is not considered as 

important one except in specialised cases where a high anunonia concentration occurs 
in conjunction with high pH, high temperature and low C.E.C. value of soil. 

(iii) Leaching of nitrate and ammonia nitrogen and run-off: 

Nitrate present in the root zone of a soil, which is waterlogged at the begining of the 
season, is almost invariably lost by denitrification or is leached out of the rootzone, if 
not absorbed by the plant roots. Nitrate can also be lost by surface run-off. Ammonium 
nitrogen on the other hand, is much less subject to leaching from soil than nitrate-N because 
of its adsorption on the cation exchange complex. But, this is not so in a waterlogged 
soil because of the following reasons: 
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(i) Ammonium N does not accumulate in a well-drained soil as much as it does in a 
waterlogged soil. 


(ii) Fenous iron and Manganous irons produced as a result of soil reduction in a 
waterlogged soil, displace NH4-N from the exchange complex *0 the soil solution where 
it is more subject to removal. 

Phosphorus 

Phosphorus is present in organic and inorganic forms in soils. The inorganic form is more 
important under waterlogged conditions. A1 -P and Fe-P predominate in acid tea soils 
and they release phosphates with the increase of soil pH. With the soil reduction, both 
water soluble and available phosphate increases because of the facts that : 1 ) Fe-P and 
Al-P hydrolyses, 2) Reduction of 

Ferric Iron to Ferrous iron Liberates adsorbed and chemically bonded-P. 

Another possible process of increase in the availability of phosphorus has been explained 
by the following reaction which occur under highly reduced ( waterlogged) condition: 


Fe,(P 04 ),+ ms = 3FeS + 2 H,P 04 

The reducing condition caused by waterlogging activates the forms of phosphate that 
arc normally insoluble in well-drained soil. Ferric -P is reduced to the more soluble ferrous 
forms. 

Effect of waterlogging on replaceable bases: 

A significant increase in replaceable ammonia, magnessium and manganese takes place 
when a soil is kept waterlogged for sufficiently long time but for calcium, a significant 
depression was observed. No significant change was observed with replaceable potassium 
due to soil submergence. 

Erosion under waterlogged condition: 

Under waterlogged condition when the soil pores are filled with water, permeability is 
greatly hampered and most of the rain water, instead of percolating through, accumulates 
on the surface and moves along the natural slope causing serious surface wash and loss 
of fertile top soil 

The estimated loss of soil and nutrients under different gradients is shown in Table 3. 

Table 3. Soil and nutrient Iom due to ninoCL 
Land slope, Soilless, Loss of nutrients kg/ ha 


% kg/ ha NiUogen Phosphate Potash 


6.0 

1,345 

33 

1.8 

9.0 

3.0 

636 

1.3 

0.8 

3.7 

25 

616 

1.4 

0.8 

4.0 

1.0 

541 

1.4 

03 

4.0 


Rainfall iiiteaaity-2aiMn /hr. 


108 



It IS SCd\ fifOm t^blc 3 lllStt Wltll ^ rnnftpTJit#* intAnoi#*# n • « 

nutrient losses can occur. Further, the nutrient loss Lm'piL' 6 “ «e 


Gaseous loss of nitrogen through denitrification in waterlogged soil: 

Nitrogen is the major input in tea. When applied to the soil it is converted to N03 -which 
is taken up by the plant. Gaseous loss of N through denitrification is greatly encouraged 
by poor drainage and lack of oxygen. The micro-organisms responsible for denitrification 
are anaerobic that thrive under poor drainage and waterlogged conditions. The amount 
of N03 N found at various levels of oxygen supply in the soil is shown in Table 4. 


Table 4 Relationship between Nitrate-N and Oxygen. 


Soil O2 

NO3-N 

(% of added N) 

20.0 

46 

11.0 

43 

4.5 

38 

2.1 

28 

1.0 

21 

0.4 

2 


Loss by chemical reduction in acid soil condition 

Tea soils are acidic. N u ite in slightly acid environment in low pH soils evolve gaseous-Ni- 
trogen when brought in contact with ammonium salts or simple amines, such as urea. 
The following reaction is suggestive of what may occur to urea: 

2 H NO, + CO{N H,), = CO, + 3 H ,0 + 2 N, 


Studies carried out so far suggest that about 10 - 15 % of the applied nitrogen is lost through 
gasification. In general, these losses are unavoidable, but some control can be exerted 
by inqiroving ground cover and by providing adequate drainage and soil tilth. 

SUMMARY 

Prolonged waterlogging is detrimental to tea. Therefore, a properly designed drainage 
system is essential to prevent the ill-effects of waterlogging. 

Tea plants under waterlogged condition arc frequently attacked by pests and diseases 
like red spider, red rust, black rot etc. As such spraying of suitable acaricides and fungicides 
is essential to save the plants from the attach of such pest and diseases. 
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ECONOMICS OF DRAINAGE 


R. C. AWASTHI 


INTRODUCTION 


In order to achieve 1000 million kg tea by 2000 A.D., drainage improvement is 
considered to play a major role in future also. More than 1 lakh hectares area in 
N.E. India requires improved drainage system to obtain the optimum crop from the 
existing tea areas. 


Considering the importance of the subject, the Agro Economics Department of 
Tocklai took up a study during 1982 to 1985 to find out the economics of drainage. 
The study is based upon the data collected from six different sites covering the total 
area of about 1000 hectares under scientifically designed drainage system. 


The projects were located in the estates where problem of stagnation in 
productivity was noticed. 


The project selected had a large area under improved drainage system covering 
between 25 hectares to 500 hectares. 


There was no major change adopted as far as cultural practices were concerned A 
pruning cycle of 4 year was adopted in the concerned section. 


The project areas and the control plots had the same average yield per hectare 
before taking up the project. With time, whereas the yield of the project area 
having improved drainage system increased from average 1656 kg/ha to 2134 kg/ha 
in 3 years period, the increase in control plots was found negligible during the same 


COST OF DRAINAGE 

The cost dlata were collected from the estates where the projects were taken up. 

1 his included capital cost of survey, digging drains, construction of culverts etc. and 
the Recurring cost of maintenance of drainage. The interest @ 12.5% on capital 
cost and 17% on the maintenance cost have also been included 


The distribution of cost on different items of drainage are given in Table 1. 
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Table 1. Cost of Improvement of drainage system per hectare for 3 year 
period (Rs.). 


Capital Cost 

IstYr. 

2nd Yr. 

3rd Yr. 

Total 

1 . Cost of Survey 

216 

- 

- 

216 

2. Cost of Digging Drains 

3504 

- 


3504 

3. Cost of construction 
of Culvert etc. 

990 

- 

- 

990 

Total Capital Cost 

4710 

- 

- 

4710 

Recurring Cost 





4. Maintenance Cost 

224 

352 

416 

992 

Total 

4934 

352 

416 

5702 


INCREASE IN YIELD 

The yield figures were supplied by the estates together with other details like 
rainfall, pruning percentage, use of inputs like fertilizers, weedicides, pesticides etc. 
in the project areas and control plots. The present exercise is based upon the yield 
data only. 


Table 2. Increase In Yield from improved drainage projects (kg/ha). 


Project 

No. 

Area 

(ha) 

Pre-Drainage Increase in Yield kg/ha 
Year yield 1 Yr. 2 Yr. 3 Yr. Total 
(kg/ha) 

A 

113 

1460 

364 

366 

555 

1285 

B 

26 

2293 

627 

319 

— 

946 

C 

48 

2698 

829 

851 

— 

1680 

D 

138 

1223 

204 

516 

526 

1246 

E 

555 

1968 

220 

426 

~ 

646 

F 

114 

1303 

265 

448 

478 

1191 


994 

1765 

279 

452 

520 

992 
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CONTRIBUTION 


The return is computed by taking the amount of contribution. The formula for 
contribution is Average selling Price minus varible cost or Fixed Cost plus margin 
of profit. In the present exercise the average selling price is taken @ Rs.45/- per kg 
and average cost is taken @ Rs.35/- per kg, Rs.20/- per kg fixed cost and Rs.l5/- as 
variable cost. Thus the contribution is - Rs.45/~ - Rs. 15/- = Rs.30/- per kg. 


SOME DETAILS ABOUT THE PROJECTS 
1. Project No. C 

A drainage project covering about 48 ha of land under tea was started. The 
soil of the project area belongs to medium texture i.e. Sandy loam type. The 
area suffer^ from high ground water table throughout the rainy season and 
was also prone to surface floods due to backflow from river. 

A network of drainage system was designed having 105 cm deep subsidiary 
drains at 30 m spacing in gridiron pattern. 

The scientifically designed drainage system could effectively control the 
ground water table below the desired 90 cm level throughout the period of 
observation, whereas the conventional drained area, the water table 
remained in the root zone all throughout the period as was found close to 40 
cm to the ground surface. 


Drainage system prevailed prior to project implemtation. 
Old drainage system : 


i) Lateral drains 

: Depth 

- 75 cm 


Spacing 

- 50 m 


Length 

- 400 m/ha 

ii) Sub-main drains 

: Depth 

- 90 cm 


Spacing 

" 50 m 


Length 

- 400 m/ha 

iii) Main drains 


-N . 

Improved drainage system 


i) Lateral Drains 

: Depth 

- 105 cm 


Spacing 

- 30 m 


length 

- 335 m per ha 


System 

- Grid iron 

ii) Sub-main Drain 

: Depth 

- 120 cm 


Spacing 

- 120 m 


Length 

- 88 m per ha 

iii) Main Drain 

: Depth 

only one main drain 

- 150 to 200 cm 
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1 able 3. Cost Benefit Analysis (per ha). 


Period 

Cost of 

Int. 

Total 


Return 

Net cumu- 


drainage 

Rs. 

cost 

Yield 

Contribu- 

lative gain 


Rs. 


Rs. 

kg/ha 

tion Rs. 

Rs. 

1st year 

5,774 

722 

6,496 

829 


■Mi 

2nd year 

600 

102 

702 

851 




Cost Benefit Ratio = 1 : 6.32 

* Interest on Balance @ Rs. 12.50% (included in Income) 

2. Project No. D 

Another project was taken up covering 138 ha of land under old mature teas. 
The soil belonged to silty loam texture. The sub-soil was denser and 
compacted. The major source of excess water causing waterlogging was surface 
seepage flow combined with local rainfall. 

The improved drainage system could very effectively control the water table 
below the optimum rootzone depth i.e. 90 cm throughout the rain storm. 


Drainage system prevailed prior to project implemtation. 


Old drainage system : 


i) Lateral drains 

: Depth 

- 45 cm 

Spacing 

- 12 m 


Length 

- 1500 m/ha 

ii) Sub-main drains 

: Depth 

- 75 cm 

Spacing 

” 40 m 


Length 

- 500 m/ha 

iii) Main drains 

: Depth 

- 100 cm 

Improved drainage system 

i) Lateral Drains 

: Depth 

- 105 cm 

Spacing 

- 25 m 


Length 

- 400 m per ha 


System 

- Grid iron 

ii) Sub-main Drain 

: Depth 

- 120 cm 

Spacing 

- 100 m 


Length 

- 200 m per ha 

iii) Main Drain 

: Depth 

only one main drain 

- 150 cm 
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Table 4. Cost Benefit Analysis (per ha). 


Period 

Cost of 

drainage 

Rs. 

Int. 

Rs. 

Total 

cost 

Rs. 

Yield 

kg/ha 

Ret urn 
Contribu- 
tion Rs. 

Net cumu- 
lative gain 
Rs. 

1st year 

4,310 

538 

4,848 

204 

6,120 

1,272 

2nd year 

400 

68 

468 

516 

15,480 

. 15,171 

3rd year 

400 

68 

468 

526 

15,780 

32,379 


Cost Benefit Ratio = 1:5.59 

* Interest on Balance @ Rs. 12.50% (included in Income) 


SUMMARY AND CONCLUSION 

The economic evaluation of the projects reflect the variations in cost due to 
difference in soil structure and rainfall pattern etc. and also in yield due to 
potentiality of the bushes to achieve different degree of improvement in yield. 

The additional benefits due to better utilisation of inputs like fertilizers and 
reduced expenses on weeds and pests have not been taken into account here for 
estimating total benefits. 

It is quite obvious that the improved drainage will play a significant role in 
increasing the yield of mature teas in N.E. India. In addition, the adoption of 
scientific drainage system in the extension and replanted areas in future will also 
provide a major boost to the productivity of young tea areas of North East India. 
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